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ON  TO  FURTHER  ACHIEVEMENTS  IN  CHEMICAL  SCIENCE  AND  INDUSTRY.’ 


The  Saviet  people  meet  the  thhty-fifth  anniveisary  of  the  Great  October  Socialist  Revolution  with  new 
victories,  and  with  new  and  magnificent  achievements  on  the  road  to  communism. 

The  recently  concluded  XIXth  Congress  of  the  Communist  Party  of  the  Soviet  Union  summarized  the  re¬ 
sults  of  these  victories,  and  projected  a  majestic  perspective  of  the  b»iilding  of  a  communist  society. 

In  the  directives  of  the  XIXth  Party  Congress,  in  conformance  with  the  Five -Year-Plan,  the  basic  economic 
principle  of  socialism  has  found  its  bright  reflection  in  the  straightforward  and  sctentifically-sound  treatise  by 
Comrade  Stalin,  "Economic  Problems  of  Socialism  in  the  U.S.S.R."  The  essential  characteristics  and  demands 
of  this  principle  are:  "provision  and  guarantee  of  maximum  satisfaction  for  the  constantly  growing  material 
and  cultural  demands  of  the  whole  society,  by  way  of  continuous  growth  and  impiovemertt  of  socialist  production, 
based  upon  superior  technical  arts".  [1] 

The  brilliant  composition  of  Comrade  Stalin,  "Economic  Problems  of  Socialism  in  the  U.S.S.R.",  ideol¬ 
ogically  arms  the  party  and  the  Soviet  people,  and  defines  the  scientific  bases  for  development  of  socialist 
economy,  and  indicates  the  course  of  gradual  transition  from  socialism  to  communism. 

For  the  new  five-year  period,  the  projected  industrial  productivity  increase  for  1955,  as  against  1950,  is 
approximately  70<7o.  Together  with  the  enormous  growth  in  industrial,  agricultural  and  consumer  goods  produc¬ 
tion,  the  directives  project  vigorous  progress  in  ail  branches  of  the  national  economy,  considerable  increase  in 
national  revenue  for  the  U.S.S.R.,  further  elevation  of  the  standard  of  living  and  of  the  cultural  level  of  the 
Soviet  people. 

Soviet  science  in  our  socialist  fatherland  has  reached  unprecedented  range  and  flourish. 

If  bourgeois  science  has  now  rolled  down  into  a  bog  of  reaction,  and  if  it  now  serves  American  imperialism 
in  the  realization  of  its  predatory  plans,  then  our  science  is  the  science  of  creation,  it  serves  the  interests  of  the 
nation,  and  is  directed  toward  the  solution  of  the  most  important  problems  of  the  national  economy  and  culture. 

The  significance  of  science  in  the  life  of  our  society  increases  more  and  more. 

The  Party  and  the  Government  have  built  and  equipped  an  enormous  network  of  scientific  research  insti¬ 
tutes,  among  which  are  many  chemical  institutes. 

For  the  scientists,  congenial  conditions  have  been  created  for  fruitful  creative  work,  and  extensive  train¬ 
ing  of  scientific  cadre  has  been  provided  for. 

The  number  of  scientific  research  institutes,  laboratories  and  other  scienufic  institutions  has  increased  from 
1560  in  1939  to  2900  at  the  beginning  of  this  year.  Within  the  same  period,  the  number  of  scientific  workers  has 
almost  doubled.  During  the  past  five-year  period,  the  expenditure  by  the  state  for  the  needs  of  science  has  amounted 
to  47.2  billion  rubles. 

The  Academy  of  Sciences  of  the  U.S.S.R.  has  become  the  very  worid  center  of  science.  Under  the  guidance 
of  the  state,  the  Academy  and  its  scientific  establishments  have  grown  to  unprecedented,  verily  gigantic,  sizes; 

The  Academy  budget,  in  comparison  with  prerevolution,  has  incieased  almost  700  times,  and  the  number  of 
scientific  workers  —60  times.  The  number  of  books  and  journals  published  by  the  Academy  has  also  increased 
almost  25  times.  Such  a  tempo  of  development  of  science  was  never  dreamed  of,  and  now  cannot  be  dreamed 
of  by  scientists  of  the  capitalist  countries.  The  bourgeois  governments,  first  of  all  the  U.S.A.  magnates,  do  not 
begrudge  the  means  for  that  aspect  of  science  which  serves  for  the  enslavement  and  extermination  of  nations, 
which  justifies  and  proclaims  the  cannibalistic  plans  of  its  masters. 

Our  Soviet  science  will  grow  and  develop  further.  The  Congress  directives  stipulate:  "To  expand,  during 
the  five-year  period  to  come,  the  training  of  scientific  and  scientific-pedagogical  teams,  through  post-graduate 
fellowships  to  the  universities  and  scientific ^:esearch  institutes,  to  approximately  twice  that  of  the  preceding  five- 
year  plan. 
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"To  facilitate  the  work  of  the  scientific -research  institutes  and  the  scientific  work  of  the  universities,  the 
scientific  facilities  are  to  be  more  amply  utilized  for  solution  of  the  more  important  problems  of  development  of 
the  national  economy, of  the  general  conclusions  of  advanced  tests,  experiments  to  secure  wide  practical  applica¬ 
tion  of  scientific  discoveries.  To  coopeiate  in  every  way  with  scholars,  to  strengthen  the  bond  between  science 
and  ix:oduction  in  working  out  theoretical  problems  m  all  fields  of  knowledge"  [2], 

The  party,  the  government,  and  Comrade  Stalin,  personally,  have  always  paid  close  attention  to  the  chemi¬ 
cal  industry,  to  chemical  science,  and  to  the  training  of  highly  qualified  teams  of  chemists.  In  Tsarist  Russia,  the 
chemical  industry  was  in  a  state  of  incubation.  Beyond  doubt  in  that  time  we  had  some  most  prominent  scholars, 
among  tiie  outstanding  chemists  of  which  were,  for  example,  N.  N.  Zinin,  A.  M.  Butlerov,  D.  I.  Mendeleev,  and 
many  others,  who  enriched  not  only  Russian,  but  also  world  knowledge  with  most  important  discoveries,  but  their 
theoretical  investigations  and  discoveries  did  not,  and  could  not,  find,  appropriate  practical  application  in  Russia. 

Inexhaustible  riches  lay  beneath  Russian  soil,  uninvestigated,  unutilized,  while  chemical  products  were  im¬ 
ported.  Only  during  Soviet  rule  has  domestic  chemistry  developed  and  grown  stronger.  This  growth  has  become 
singularly  noticeable  during  the  years  of  the  Stalin  five-year  plans.  In  1933,  Comrade  Stalin  had  already  said: 
"We  did  not  have  any  major  and  modern  chemical  industry.  We  have  it  now"  [3]. 

In  1934  the  XVII  Congress  of  the  All-Union  Communist  Party  (Bolsheviks)  -  the  convention  of  the  victors  — 
resolved:  "To  achieve  definite  improvements  in  the  development  of  the  chemical  industry,  securing  broad  chemi¬ 
calization  of  all  branches  of  the  national  economy,  and  the  defensability  of  the  country."  [4]. 

As  this  resolution  was  fulfilled  during  the  second  five-year  plan  tliere  were  great  achievements  in  the  chemi¬ 
cal  industry,  particularly  in  the  petroleum,  coal,  and  oil-shale  industries,  in  ferrous  and  non-ferrous  metallurgy,  in 
fertilizers,  in  the  nitrogen  industry,  in  synthetic  rubber,  plastics  and  synthetic  fibers.  In  the  third  five-year  plan  - 
the  five-year  plan  of  chemistry,  and  in  the  fourth  —  the  postwar  five-year  plan,  chemical  industry  and  science 
achieved  even  greater  and  more  outstanding  successes.  Thus,  in  the  fourth  five-year  plan,  i.e.,  toward  the  end  of 
1950,  the  chemical  industry  exceeded  prewar  production  by  1.8  times,  in  the  nitrogen  fertilizers -by  2.2  times, 
in  the  potassium  fertilizers  -by  1.4  times,  and  in  the  phosphate  -  by  1.9  times.  The  prewar  level  of  production 
was  exceeded  also  in  other  aspects  of  the  chemical  industry  -  in  soda,  synthetic  rubber,  plastics  and  others. 

Soviet  chemical  science  has  always  helped  industry  actively  and  efficiently.  The  success  in  the  petroleum 
industry,  where,  through  the  combined  efforts  of  scholars,  geologists  and  chemists,  many  new  oil  fields  were  dis¬ 
covered  and  exploited,  serves  as  a  striking  example.  Even  more  impressive  is  the  example  of  the  exceptionally 
important  work  of  S.  V.  Lebedev.  His  most  valuable  theoretical  investigations  form  the  foundation  for  the  vigor¬ 
ous  growth  and  development  of  the  synthetic  rubber  industry,  so  much  needed  for  our  national  economy.  There 
is  no  greater  happiness  for  the  scholar  than  to  see  how  his  investigations  are  being  rapidly  realized  for  the  benefit 
of  his  native  land. 

S.  V.  Lel’cdev  has  said  with  satisfaction;  “The  govern.nent  has  leci ’cd  to  convert  the  success  attainc  i 

by  .me  an<.  my  cov/crhers  into  the  basis  for  constructing  a  new  branch  of  industry _ There  is  not  the  slightest 

doubt  that  (ihiy  with 'Hs;  in  the  eontfy  6.’-the  -buii'?inj; of 'socialism,'  is  such  a  *¥631  creative  range' possible.  The  ,.t 
jireatest  happiness  is  to  set  one's  thought  convene,  into  a  deed  of  such  grandeur." 

The  directives  from  the  XIXth  Congress  of  the  Communist  Party  of  the  Soviet  Union,  for  the  fifth 
five-year  plan  of  development  for  ttie  U.S.S.R.  for  1951-1955,  projects  hxnher  the  rise  of  the  chemical  indus¬ 
try.  The  more  important  psroductivities  will  increase  toward  1955,  as  compared  with  1950,  approximately  in  the 
following  ranges:  rubber  —by  8270,  soda  ash  — by  84^70,  caustic  soda  —by  79^,  mineral  fertilizers  -88PJ0, 

To  the  scholars  and  workers  in  the  chemical  industry,  the  XIXth  Congress  has  assigned,  the  task  of 
development,  in  every  way  possible,  of  synthetic  rubber  production  on  the  basis  of  petroleum  gas  utilization, 
of  increase  in  production  of  plastics,  dyes,  raw  materials  for  artificial  silk,  development  of  production  of 
synthetic  materials  —substitutes  for  the  non-ferrous  metals.  The  Congress  directives  also  stipulate  increased 
production  outputs  for  ammonia,  sulfuric  acid,  synthetic  rubber,  synthetic  alcohol,  soda,  mineral  fertilizers, 
particularly  in  the  granular  form,  and  chemical  control  agents  to  combat  agricultural  plant  pests. 

Also  contemplated  is  the  systematic  construction  of  mineral  fertilizer  factories,  thus  securing  the 
indispensable  mineral  ferilizer  raroduction  developments  for  the  years  to  follow.  The  Congress  i  directives 
demand  a  wide  incorporation  of  oxygen  into  the  technological  processes  of  ferrous  and  non-ferrous  metallurgy, 
into  gas  production  from  coals,  into  the  celluloid  and  the  cement  industries. 
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There  is  no  doubt  that  Soviet  chemists  will  fulfill,  with  honoi,  the  tasks  designed  for  the  five-year  plan  by 
the  directives.  The  sum  totals  of  1951,  and  the  agricultural  achievements  of  the  present  year,  demonstrate  that 
the  Soviet  people  have  already  achieved  considerable  success  in  the  fulfillment  of  the  tasks  presented  by  the  five- 
year  plan.  The  chemical  industry  is  now  endowed  with  excellent  techniques,  has  qualified  cadresi  the 
enterprises  are  not  experiencing  raw  material  shortages.  The  fact  is  that  shortcomings  in  the  work  should  be  de¬ 
cisively  removed  by  means  of  an  extensive  development  of  socialist  competition,  which  will  increase  productivity, 
by  observing  strict  economy,  finding,  nev/  reserves.  We  must  develop  a  creative  union  between  knowledge  and 
practice- the  foundations  for  any  scientific  and  technical  progress.  Experience  has  shown  that  where  such  accord 
is  established  science  itself  also  flourishes,  and  procures  help  for  the  practical  workers  through  better  and  more 
rapid  solution  of  production  problems. 

For  the  fulfillment  of  the  five-year  plan,  science  has  been  assigned  an  active  role. 

Scientists  are  responsible  for  achieving  complete  utilization  of  the  fuel  resources  -  coal,  peat  and  oil-shales, 
in  the  capacity  of  raw  chemical  materials.  Such  raw  materials  should  be  burned  only  after  extraction  of  gat,  tar 
and  other  substances.  Scientists  should  realize  in  full  the  D.  I.  Mendeleev  concept  about  the  complete  chemical 
utilization  of  petroleum  as  a  raw  material,  from  which  we  can  obtain  alcohols,  synthetic  rubber,  dyes  and  many 
other  materials  essential  for  our  national  economy.  Industry  has  set  before  the  chemist  one  more  very  important 
problem- the  creation  of  exceptionally  durable  plastics,  which  are  extra-hard  and  extra-stable  to  chemical  reac¬ 
tions,  and  which  possess  fixed  properties  which  would  enable  them  to  replace  the  valuable  metals. 

Comrade  G.  M.  Malenkov,  in  a  report  of  the  Party  Central  Committee  for  the  XIXth  Congress,  hat  pointed 
out  a  series  of  shortcomings  and  distortions  which  were  disclosed  by  the  Central  Committee  of  the  All-  Union  Com¬ 
munist  Party  (Bolsheviks)  in  the  various  departments  of  science.  He  pointed  out  that  "in  various  branches  of  science 
there  is  still  incomplete  liquidation  of  monopoly  by  separate  groups  of  scholars,  who  brush  off  new  manpower  devel¬ 
opments,  fencing  themselves  off  from  criticism,  and  attempt  to  solve  scientific  problems  by  administrative  means. 
No  single  branch  of  science  can  successfully  develop  in  a  stuffy  atmosphere  of  mutual  eulogy  and  overlooking  of 
errors;  attempts  to  affirm  the  monopoly  of  separate  groups  of  scholars  inevitably  engenders  stagnation  and  decay  in 
science"  [5]. 

Every  scholar  should  remember  these  words,  and  should  answer  the  call  of  the  Congress  >  "to  promote  fui- 
ther  the  advancement  of  Soviet  science,  with  the  aim  of  attaining  fiist  place  in  world  science"  [6], 

Gigantic,  noble,  and  not  an  easy  aim!  But  it  is  withm  the  power  of  Soviet  scientists.  Already,  various 
branches  of  our  science  have  left  behind  scientists  of  the  capitalist  countries.  We  must  surpass  them  in  all  branches 
of  science,  and  we  will! 

Soviet  scientists,  armed  with  the  all-tiiumi^ant  teaching  of  Marxism-Leninism,  inspired  by  the  leiolutloni 
of  the  XlXdi  Congress  .  of  our  party,  and  the  speech  of  out  leadei,  under  the  guidance  of  the  Communiit  Patty, 
togedier  with  the  great  coryphaeus  of  science,  Iosif  Vissarionivich  Stalin,  will  be  in  the  first  ranks  of  the  builders 
of  communism,  and  the  champions  of  peace  throughout  all  the  world. 
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SOME  PHYSICO-CHEMICAL  PROPERTIES  OF  ARSENOUS  ACID  ANHYDRIDE 


V.  M.  Borisov  and  M.  G.  Gorshtein 


Up  to  the  present  time,  many  physico-chemical  properties  of  arsenous  acid  anhydride  have  not  been  pre¬ 
cisely  determined,  nor  are  there  any  consistent  data  concerning  the  same.  Questions  of  the  stmctures  of  the  var¬ 
ious  forms  of  arsenous  acid  anhydride  relate  particularly  to  such  properties  as  melting  point,  stabilities  of  its 
various  forms,  and  others. 

The  existence  of  three  solid  forms  of  arsenous  anhydride  is  known:  two  crystalline  —  octahedral  and  mono¬ 
clinic,  and  one  amorphous —vitreous.  The  data  of  Smith  and 
Beljars  [1],  concerning  their  discovery  of  three  new  forms  of 
arsenous^acid  anhydride,  were  not  confirmed  upon  examina¬ 
tion.  As  was  determined  [2],  the  octrahedral  form  of  arsen¬ 
ous  acid  anhydride,  to  which  is  usually  ascribed  the  formula, 

AsjOs,  gives  a  molecular  lattice  composed  of  molecules  of 
As^Og  (Figure  1,  a).  The  arrangement  of  the  individual  mole¬ 
cules  in  the  crystal  is  similar  to  that  of  the  carbon  atoms  in 
diamon<^Fig.  1,  b). 

The  arsenic  and  oxygen  atoms  within  the  molecules 
are  saturated  by  their  own  primary  valences,  while  the  bond¬ 
ing  between  the  molecules  in  the  lattice  is  realized  by  aux¬ 
iliary  valences. 

Because  the  arsenous  acid  anhydride,  in  its  gaseous 
state  at  800*,  forms  two-dimensional  molecules  of  As^Og, 
the  breaking  of  only  two  auxiliary  bonds  is  required  for  transition  of  the  octahedral  form  of  arsenous  acid  anhydride 
into  the  gaseous  state. 

The  structural  monoclinic  form  of  arsenous  acid  anhydride  has  not  been  determined  up  to  the  present  time, 
on  which  matter  there  is  only  a  series  of  assumptions.  Of  these,  the  best,  explainii^  the  properties  of  arsenous 
acid  anhydride  monoclinic  structure,  is  the  one  presented  in  Fig.  2  [3].  The  composite  parts  of  the  lattice,  in  this 
case,  are  bound  together  by  primary  valences. 

On  the  average,  the  transition  of  the  monoclimc  form  of  arsenous  acid  anhydride  to  the  vapor  state  re¬ 
quires  the  mpture  of  two  primary  valences:  because  of  further  evolution  of  energy  upon  saturation  of  the  liberated 
valences,  the  activation  energy  should  decrease  at  the  same  time:  this  confirmed  by  the  smaller  heat  of  sub¬ 
limation  of  the  monoclinic  form,  as  compared  with  that  of  the  octahedral. 

In  view  of  the  fact  that  the  glassy  form  of  arsenous  acid  anhydride  converts  readily  into  the  octahedral 
form,  even  under  normal  conditions,  some  authors  make  assumptions  about  the  close  relationship  between  the 
glassy  and  the  octahedral  structural  forms. 

Such  an  inference  appears  to  be  incorrect  for  two  reasons.  1)  The  glassy  form  of  arsenous  acid  anhydride 
transforms  readily  into  the  octahedral  only  under  defined  conditions,  namely,  when  sufficiently  pulverized,  and 
when  in  the  presence  of  mdsture.  The  authors  verified,  experimentally,  that  the  glassy  arsenous  acid  anhydride, 
in  various  fragment  sizes,  transformed  only  partially  into  the  octahedral  form,  at  the  surface,  after  fa:eservation 
under  normal  conditions  for  one  year.  The  basic  mass  of  both  the  large  and  the  small  fragments  remained  in  the 
glassy  form. 

2)  The  sublimation  of  the  vitreous  (or  glassy)  form  is  considerably  smaller  than  that  of  the  octahedral. 


Fig.  1.  Arsenous  Acid  Anhydride, 
a  -  molecule  of  As40e  in  the  octahedral  modifi¬ 
cation  of  the  crystal;  b  -  arrangement  of  As^Og 
molecules  in  the  octahedral  modification  of 
the  crystal.  1  -  arsenic  atoms,  2  -  oxygen  atoms 
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and,  as  is  known,  for  the  vaporization  or  volatilization  processes  of  various  forms  of  one  and  the  same  substance, 

that  form  has  the  greatest  volatilization  rate  whose  structure  in  the  solid  form 
is  identical  with,  or  has  the  greatest  similarity  to,  the  structure  in  the  gaseous 
form. 

On  the  basis  of  investigation  presented  [3],  it  can  be  assumed,  through 
the  process  of  "compulsory  condensation*  of  arsenous  acid  anhydride,  that  the 
glassy  structural  form  of  arsenous  acid  anhydride  may  be  represented  by  an 
irregular,  repetitive  atomic  lattice. 

Data  on  conditions  for  the  stability  of  the  various  forms  of  solid  arsen¬ 
ous  acid  anhydride,  and  the  melting  point  of  the  octahedral  form  are  incon¬ 
sistent,  as  can  be  seen  from  the  table. 

These  inconsistencies  are  explained  by  the  fact  that  the  determirations 
were  carried  out  by  different  piocedures  and  mainly  by  indirect  methods  (by 
vapor  tension,  solubility  in  alkali  and  in  acid,  and  so  forth). 

The  authors  have  carried  out 
investigation  of  transition  of  the  oc¬ 
tahedral  form  of  arsenous  acid  anhy-  , 
dride  to  the  monoclinic,  and  verifi¬ 
cation  of  the  melting  point  for  the 
octahedral  form  by  a  direct  method 
involving  the  use  of  thermal  analysis. 

TJie  octahedral  form  of  arsenous  acid 
anhydride,  which  was  obtained  by  recry¬ 
stallization  from  hydrochloric  acid  as  a 
condensate  from  a  Schumb 
special  sublimator,  was  heated 
sealed  glass  tube  in  a  40  g  weighed 
portion.  The  content  of  As40e  in  the  arsenous  acid  anhydride  used  for  the  heating,  was  99.98‘5'o.  The  homogeneity 
and  identity  of  these  samples  with  that  of  the  octahedral  form  were  verified  by  microscopic  examination. 

None  of  the  thermodiagrams  taken  show  the  presence  of  any  transition  points  from  arsenous  acid  anhydride 
octahedral  form  to  the  monoclinic  in  the  range  up  to  the  melting  point  of  the  octahedral  form. 

As  can  be  seen  from  the  thermodiagrams  (Figures  3  and  3a)  the  octahedral  form  starts  to  melt  at  270*. 

Before  melting  starts,  an  exothermal  effect  takes  place  (ascending  curve)  at  the  expense  of  internal  suuc- 
ture  transformation  of  the  substance. 

From  the  thermodiagrams  it  also  follows  that  the  melting  point  of  the  octahe.dral  form  is  polythernial,  since 
melting  starts  at  270*  and  is  fully  terminated  at  290-295*. 

As  is  known,  arsenous  acid  anhydride  upon  heating  melts  to  a  viscous  mass.,  which,  under  the  influence  of 
its  own  y/eight,  slowly  changes  form.  Even  at  the  boiling  point,  the  viscosity  of  this  mass  is  so  great  that  threads 
from  the  viscous  mass  do  not  collect  into  drops. 

It  can  be  assumed  that,  at  the  start  of  the  melting,  there  are  formed  infinite  chains  of  arsenous  acid  an¬ 
hydride  (As^Oj)  compounds,  and  that  upon  further  heating  there  occurs  a  definite  correlation  between  the  finite 
tetrahedral  molecules  of  the  arsenous  acid  anhydride  octahedral  form,  and  the  infinite  chains  being  formed  at 
the  melting,  depending  upon  the  rate  of  heating,  analogous  to  the  correlation  between  ring  structure,  Sg,  in 
rhombic  sulfur  and  die  infinite  chains  in  plastic  sulfur.  This  evidently  gives  the  polythermal  melting  tempera¬ 
ture  of  the  arsenous  acid  anhydride  octahedral  form. 

The  transition  heat  for  the  octahedral  to  monoclinic  form  is  comparatively  small  (  6100  cal/mole).  It  is 
possible  that  this  effect  may  not  be  detectable  on  the  thermograms.  But  the  complete  melting  of  the  arsenous 
acid  anhydride  samples  at  the  melting  temperature  of  the  monoclinic  form,  and  the  absence  of  a  second  melting 
point  on  the  thermograms,  confirm  the  failure  to  form  noticeable  quantities  of  the  monoclinic  form  when  the 
octahedral  form  i  s  heated  to  its  melting  temperatures. 


Sub¬ 

ject 

mat- 

Author 

Ref. 

Lit. 

Transition 

temp,  of 

octahedral 
Year  , 

form  into 

the  mono- 

clinic  (*C) 

Melting  Point 
(*  C) 

of  the  form 

ter 

No. 

No. 

Octa¬ 

hedral 

Mono¬ 

clinic 

1 

Welch  and  Daschak 

4 

1915  100 

251 

315 

2 

Raschton  and  Daniels 

5 

1926  100 

275 

313 

3 

Smith  and  Beljars 

1 

1933  200 

- 

- 

4 

Schulman  and  Schimb  » 

6 

1943  -13 

•  -/ 
0.2 


Fig.  2.  Monoclinic  structural 
modification  of  arsenous  acid 
anhydride. 

1  -  arsenic  atoms,  2  -  oxygen 
atoms 
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Figi.3  and  3a,  Thennograms  of  arsenous  acid 
anhydride  fusibility. 


Thus,  it  can  be  considered  that  the  stable  form  of 
arsenous  acid  antiydride  u  the  octahedral  form,  up  to  the 
points  of  melting. 

SUMMARY 

1  The  question  of  the  structures  of  the  various 
forms  of  arsenous  acid  anhydride  has  been  defined  more 
accurately,  on  the  analytical  basis  of  the  available  data 
on  the  physico-chemical  pioperties  of  arsenous  acid  an¬ 
hydride. 

2.  It  was  ascertained  that  the  meltmg  tempera¬ 
ture  of  arsenouS  acid  anhydride  octahedral  form  is  poly- 
thetmai  Crystals  of  the  octahedral  form  of  arsenous  acid 
anhydride  start  to  melt  at  270* C.  Complete  fusion  is 
effected  at  290-295*. 

3,  The  stable  form  of  arsenous  acid  anhydride  is 
the  octahedial,  up  to  the  melting  temperatures. 
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INTERACTION  OF  METALLIC  BERYLLIUM  WITH  SOLID  CRYSTALLOH  YDRA  TES 


O.  P.  Alekseeva 


In  1905  Mikhailenko  demonstrated  that  when  magnesium  powder  and  solid  crystallohydrates  are  mixed, 
hydrogen  is  evolved.  Together  with  Mushinsky,  he  has  investigated  fifty^hree  various  crysullohydrates,  during 
which  in  only  three  cases  was  hydrogen  not  evolved. 

In  1940,  Semishin,  proceeding  from  the  assumption  that  hydrogen  evolution  during  magnesium  interac¬ 
tion  widi  solid  crystallohydrates  is  the  result  of  H*  ion  reduction  by  magnesium  atoms,  and  that  not  only  magnes¬ 
ium,  but  every  other  metal,  whose  reduction  potential  (nEMe/Me”)  is  greater  than  that  of  the  potential  Hj  gas/2H', 
should  undergo  analogous  reaction,  decided  to  investigate  the  interaction  of  aluminum  and  of  zinc  with  solid  crys¬ 
tallohydrates.  He  investigated  the  interaction  of  aluminum  with  forty  two,  and  of  zinc  with  forty  three  crystallo¬ 
hydrates.  With  aluminum,  the  evolution  of  hydrogen  was  not  observed  in  eight  cases  and  with  zinc  in  three  cases. 

As  with  the  reaction  with  magnesium,  the  nature  of  the  crystallohydrates  influences  the  intensity  of  reac¬ 
tion  with  aluminum  and  zinc,  the  greatest  activity  being  possessed  by  crystallohydrate  salts  of  hydrochloric  acid, 
whereas  the  presence  of  SO4"  in  the  crystallohydrate  lowers  considerably  its  activity  toward  the  metal. 

A  comparison  of  data  from  the  works  of  Mikhailenko  and  Semishin  indicates  that  aluminum  is  less  re¬ 
active  toward  the  water  of  crystallohydrates  in  comparison  with  that  of  magnesium  and  that  zinc  has  even  less 
reactivity. 

These  metals  can  be  arranged  in  the  sequence:  Mg-Al-Zn,  as  regards  their  activity  toward  the  water  of 
the  solid  crystallohydrates. 

Since  the  reduction  potenual  of  beryllium  exceeds,  considerably,  the  potential  of  H|  gas/2H’,  it  could  be 
expected,  on  the  basis  of  the  works  mentioned,  that  beryllium  should  displace  hydrogen  from  the  water  of  the  solid 
crystalldiydrates,  according  to  the  scheme: 

Be  +2H  — ♦  H,  +  Be", 
on  initial  reaction,  according  to  Semishin: 

Be  +  2[Me(H,0)n-i(0H)']+"^'^  +  2H'  — ►  Be"  +  2[Me(H,0)n.i(0H)’]+"^’^  +  H,  f  . 

EXPERIMENTAL 

In  order  to  conduct  the  experiments,  the  authors  used  a  compact  lump  of  beryllium,  with  a  beryllium  content 
of  99.5*70,  which  was  available  in  the  laboratory.  From  the  lump  were  hammered  off  small  fragments:  the  frag¬ 
ments  were  finely  powdered  in  a  mortar,  the  fine  powder  was  always  sifted  through  the  same  sieve,  and  was  pre¬ 
served  in  a  ground  glass  stoppered  bottle.  In  the  course  of  the  work,  it  was  noticed  that  freshly-prepared  beryllium 
powder  was  considerably  more  active  than  the  powder  preserved  for  several  days,  after  which  beryllium  powder 
preserved  for  twenty-four  hours  was  used  in  all  experiments.  The  crystallohydrate  salts  used  for  the  experiments 
Were  analytically  pure.  The  salt  was  ground  in  a  mortar  to  the  finest  powder,  and  a  maximum  of  0.01  mole  was 
placed  in  a  50  ml  flat-bottomed  flask.  Into  the  same  flask  was  placed  a  weighed  quantity  of  beryllium  powder. 

In  order  to  obtain  comparative  results,  calculation  of  the  weight  of  crystallohydrate  and  of  metal  was  made  ac¬ 
cording  to  the  reaction: 

Be  +  2HOH’  =  Be(OH)2  +  H,. 

'  The  flask  was  stoppered  with  a  cork  having  a  tube  leading  to  the  gasometer.  A  one-liter  Erlenmeyer  flask 
served  for  the  gasometer.  The  gas  yolume  was  determined  by  measuring  the  volume  of  water  which  flowed  out 
of  the  gasometer  under  the  pressure  of  evolving  gas.  The  flask  contents,  after  stoppering  with  the  cork,  were 
thoroughly  mixed  by  shaking  the  flask.  In  those  cases  where  reaction  began  immediately  upon  contact  of  crys¬ 
tallohydrate  with  metal  powder,  the  latter  was  not  sprinkled  into  the  flask,  but  was  placed  in  the  inclined  neck 
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of  the  flask  within  a  small  paper  boat;  the  cork  was  inserted  into  the  throat  of  the  flask,  and  the  flask  tipped  into 
vertical  position;  the  small  boat  fell  to  the  bottom,  and  the  powders  were  mixed  by  vigorous  shaking  of  the  flask. 
Thus,  the  loss  of  gas  was  avoided  in  this  case,  if  reaction  started  immediately  upon  direct  contact.  If  reaction 
did  not  proceed  at  room  temperature,  or  if  it  was  in  process  but  the  water  flow  from  the  gasometer  had  already 
ceased,  the  flask  was  then  placed  in  a  water  bath  which  was  gradually  heated  to  boiling,  and  the  reacting  mix¬ 
ture  was  kept  on  the  boiling  water  bath  until  the  water  flow  from  the  gasometer  ceased  completely;  subsequently, 
the  flask  was  cooled  to  room  temperature,  the  p:essure  in  the  two  vessels  equalized  by  the  usual  procedure,  and 
the  volume  of  displaced  water  determined,  i.e.,  the  gas  volume  evolved  in  the  20  to  100*  range,  and  at  an  ex¬ 
ternal  temperature  of  100*.  The  flask  was  then  transferred  to  a  sand  bath;  the  bath  temperature  was  gradually 
raised  to  200*;  at  this  temperature  the  experiment  was  continued,  until  water  ceased  to  flow  from  the  gasometer, 
and  again,  the  volume  of  water  displaced  in  the  100-200'  interval  and  at  an  external  temperature  of  200*,  was 
measured  as  in  the  first  case.  In  each  experiment,  a  qualitative  analysis  of  the  gas  was  carried  out  to  confirm 
the  presence  of  hydrogen. 

The  hydrogen  volume  was  not  brought  to  normal  pressure,  since  the  error  of  the  experiment,  due  to  uneven 
mixing,  was  considerably  greater  than  the  correction.  It  was  considered  that  the  hydrogen  had  been  collected  at 
7^0  mm  pressure,  and  correction  was  made  only  for  temperature.  Correction  for  humidity  was  not  made  either. 
Therefore,  the  experimental  data  cannot  correspond  to  absolute  values,  and  are  used  by  the  authors  only  for  com¬ 
parative  evaluation. 

The  Effect  of  the  Relative  Weight  of  Beryllium 

The  completeness  of  reaction  between  solid  bodies  depends  upon  contact  surface;  thus,  by  increasing  the 
relative  weights  of  beryllium,  we  are  creating  favorable  conditions  for  hydrogen  evolution. 


This  is  confirmed  by  the  following  series  of  experiments  (Table  1). 
TABLE  1 


Crystallohydrate  Formula 


Weighed  Portion  Quan-  Evolved  H2  (ml)  '  H|(ml)  |  H|0  mole- 

.  tity  to  100*  to  200*  volume  cules  en- 

of  I  I 

1  Be  of  Be  and  at  and  at  1  at  tered  into 


K,a,(S0^4-  24H,0 


53  I  CoCl,’6H,0 


1  1.19  0.13 

I  '  1.19  0.27 

'  '1.19  0.40 


(NH4)*Fe2(S04)4- 24HjO  I 


CdCl,  •  2^/*  H,0 

Sna* -211,0 

Fed,  •  6H,0  (yellow) 

FeSC^  •  71^0 
Na,SO,-7H,0 
Na,B407  •  lOI^O 


j  2.88  0.11 

<  2.88  ,  0.23 

_  2.88  0.34 


tity 
of  Be 
(equiv) 

to  100* 

and  at 

100* 

to  200* 

and  at  1 

i  200* 

1 

87 

1  ' 

I 

43 

2 

115 

70 

1 

113 

120 

2 

85 

250 

3 

165 

225 

1 

160 

10 

2 

160  ; 

65 

1 

150  j 

75 

2 

225  1 

165 

■  3 

165  I 

200 

1 

95 

55 

1.5 

95 

95 

2 

185 

140 

3 

215  1 

175 

1 

165  ! 

110 

!  1-5 

225  1 

167 

2 

265  i 

155 

208.22  ' 
360.9 
339.63  ’ 


165  ;  110  227.5  ,  4.06 

225  I  167  364.0  '  6.50 

265  i  155  390.0  '  6.96 

Gas  collection  unsuccessful;  gas  evolu¬ 
tion  so  violent  gasometer  breaks. 


An 

increase  in 
the  relative 
weight  of 
beryllium 
causes  an 
increase  in 
volume  of 
hydrogen 
evolution. 

In  those 
cases  where 
intense  re¬ 
action 
proceeded, 
with  large 
heat  evolu¬ 
tion,  and 
the  mixture 
heated  up 
strongly, 
as  took 
place  with 
the  chlor¬ 
ides  of  co¬ 
balt,  cad¬ 
mium,  di¬ 
valent  lead 
and  trival- 
ent  iron 
(Experiments 
53,  23,  37 
and  44),  a 
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I 


large  excess  of  beryllium,  of  two  or  more  equivalents -produced  hydrogen  evolution  in  volume  exceeding  the  theor¬ 
etical  possible,  according  to  the  reaction: 


Be  +  2HOH'  Be(OH),  +  H,. 


(I) 


TABLE  2 


Expt. 

Nos. 

Crystallohydrate  fcarmula ; 

Weighed  portion 

Quan- ! 
tity  ! 
of  Be  j 
(equiv)’ 

H,(ml) 

evolved 

H,(ml) 

HO  mole- 

salt 

Be 

to 

100* 

to 

200* 

volume  1 

at 

0*  ' 

cules  en¬ 
tered  into 

reaction. 

1 

2  i 

3 

4 

5  ’ 

6 

7 

8  i 

9 

1 

1  lh,COj*  10H,O  1 

1.43 

0.45 

2  ' 

25 

0 

23.13  i 

0.41 

2 

Na,S04-10H,0 

1.61 

0.45 

'  2  [ 

0 

0 

- 

3 

1  NajSOj -711,0  1 

1.26 

0.32 

2  , 

0 

0 

- 

- 

4 

'  Na, 8,0, -511,0  i 

2.48 

0.45 

2  1 

12 

0 

- 

- 

5 

'  Na,HP04 -1211,0  ! 

1.79 

0.54 

2 

15 

0 

11.2 

0.10 

6 

1  Na,B40y -1011,0  ! 

3.81 

0.90 

,  2  1 

0 

0 

13.9 

0.13 

7 

'  NaC,H,0,- 3H,0 

1.36 

0.27 

2  , 

0 

0 

— 

8 

,  Na,[Fe(CN)5NO]- 211,0 

2.89 

0.18 

2  i 

0 

0 

— 

9 

'  NaC4ll406- 4H,0 

2.82 

0.36 

2  ; 

0 

0 

— 

— 

10 

K4Fe(CN),- 3H,0 

4.22 

0.27 

2  , 

0 

0 

— 

11 

;  K,B40t-  5H,0  , 

1.62 

0.23 

2  i 

0 

0 

— 

12 

(Nli,)jC*H507- H,0 

2.61 

0.09 

2 

0 

0 

— 

- 

13 

(NH4),C,04-H,0  ' 

1.24 

0.09 

2 

0 

0 

— 

14 

'  MgS04-  7H,0 

2.46 

0.63 

2 

0 

0 

15 

Mg(NO,),- 6H,0 

1.28 

0.27 

2 

0 

0 

— 

- 

16 

MgCl, -611,0  j 

2.03 

0.54 

2 

0 

320 

293.9 

2.62 

17 

Ca(N0,),-4H,0 

2.63 

0.36 

2 

0 

0 

— 

— 

18 

!  Ca(C2HA)i-2H,0 

1.94 

0.18 

2 

0 

15 

13.9 

0.13 

19 

Bad,  -  2H,0 

2.44 

0.18 

2 

0 

23 

21.4 

0.19 

20 

ZnS04-  711,0 

2.88 

0.63 

2 

230 

0 

213.6 

1.9 

21 

^n(C2H302)2  *  2H|0  . 

2.19 

0.18 

2 

0 

0 

- 

— 

22 

Zn(NO,),  -  611,0 

2.98 

0.54 

2 

0 

0 

— 

23 

1  CdCl,  -  2  H,0 

2.88 

0.23 

2  .225 

165 

360.9 

,  3.22 

24 

CdS04-  8*^  H,0  ' 

2.57 

0.24 

2 

55 

15 

64.78 

0.58 

25 

Cd(NO,),-4H,0  ! 

1.54 

0.18 

2 

0 

0 

- 

- 

26 

CuCl,  •  211,0 

3.41 

0.36 

2 

180 

175 

330.8 

1.48 

27 

CUSO4-  511,0 

2.5 

0.45 

2 

125 

25 

140.7 

1.26 

28 

Cu(NO,), -611,0  , 

2.96 

0.54 

2 

0 

0 

- 

- 

29 

Cu(C,HjO,)2-  h,o 

3.99 

0.18 

'  2 

0 

35 

32.28 

0.15 

30 

Cu(NH,)4Ci,  -  H^O 

2.21 

0.09 

2 

0 

0 

— 

;  — 

31 

Cu(N^4),(S04),  -  6H,0  1 

4.0 

'  0.54 

2 

260 

10 

249 

2.22 

32 

Cu(NH4),d4-2H,0  1 

2.78 

'  0.18 

2 

160 

190 

322. 91 

2.88 

33 

Bi(N02)3  *  5t^O 

3.05 

0.45 

2 

0 

0 

— 

]  — 

34 

A1,(S04),-  18H,0 

3.33 

0.81 

2 

225 

50 

253.6 

j  4.53 

35 

K2A1,(S04)4- 2411,0 

1.19 

0.27 

2 

50 

43 

87.3 

'  6.24 

36 

(NH4),A1,{S04)4- 24H,0  ; 

1.13 

'  0.27 

2 

48 

52 

93.0 

6.64 

37 

SnCl,- 211,0  ' 

2.26 

0.18 

2 

185 

140 

301.8 

2.78 

38 

Crd,- 611^0 

1.33 

0.27 

2 

125 

225 

328.0 

5.86 

39 

Cr,(S04),-  18H,0  1 

3.57 

0.81 

i  2 

0 

0 

- 

— 

40 

j  K,G,(S04)4-24I%0  I 

2.50 

0.54 

2 

115 

70 

172.3 

6.16 

41 

'  Cr(NO,),  -  9HO 

2.00 

0.40 

2 

0 

0 

— 

1  — 

42 

Pb(C,H,0,),- 311,0  • 

3.25 

0.27 

2 

0 

0 

— 

— 

43 

'  HgNO,-  11,0 

5.61 

0.18 

2 

0 

— 

— 

44 

Fed,-6H,0 

1.35 

0.27 

2 

'265 

155 

390.0 

6.96 

45 

j  FeS04-  71^0  1 

1.39 

0.32 

1 

2 

0 

— 

— 

In  those 
cases  where 
reaction  with 
an  equivalent 
weight  of  be¬ 
ryllium  does 
not  take  place, 
a  relative  in¬ 
crease  in  the 
beryllium 
does  not 
cause  reac¬ 
tion  (Experi¬ 
ments  45,  3 
and  6). 

On  the 
basis  of  or- 
ientative  ex¬ 
periments, 
the  author 
has  investi¬ 
gated  the 
interaction 
of  beryllium 
with  fifty- 
nine  solid 
crystallohy- 
drates,  re¬ 
presenting 
combinations 
of  twenty- 
three  cations 
and  seventeen 
anions.  In 
all  instances, 
to  obtain 
comparative 
results,  the 
weight  of 
beryllium 
powder  taken 
was  twice 
that  of  the 
the  calculated 
theoretical, 
according  to 
Reaction  (I). 

All  ex¬ 
periments 
were  con¬ 
ducted  in 
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TABLE  2  “(continued) 


Expt. 

Nos. 

Crystallohydrate  formula 

Weighed  portion 

Quan¬ 
tity 
of  Be 
(equiv) 

1  I^(ml)  evolved  | 

H,(ml) 

volume 

at 

0* 

1^0  molecules 
entered 

into 

reaction 

salt 

Be 

1 

to 

1  100* 

1 

1 _ _  _ _ j 

to 

200* 

1 

2 

3 

4 

5 

i  ® 

7 

8 

9 

46 

Fe(NH4),(S04),  •  6H,0 

3.92 

0.54 

1 

2 

0 

80 

74.5 

0.67 

47 

(NH4),Fe,(S04)4-  24H,0 

2.41 

0.54  1 

2 

160 

65 

211.8 

7.56 

48 

Fe(NO,),- 9H,0 

4.04 

0.81 

2 

0 

0  ! 

49 

FeP04-2^0 

1.87  ' 

0.18  i 

2 

0 

0  1 

— 

— 

50 

Fe|(P04),- 81^0 

2.51 

0.36 

2  i 

0 

0  i 

— 

— 

51 

NiS04-  7H,0 

2.80 

0.63 

2 

0 

0 

— 

— 

52 

'  Ni(NH4),(S04)2- 6H2O 

3.95 

0.54  ! 

!  2 

0 

0  1 

— 

— 

53 

C0CI2  6H2O  calculated 

1.19 

0.27 

2 

85 

250 

1  313.3 

5.59 

with  HCl 

i 

+14.5 

5.86 

54 

COS04-  7H2O  1 

0.84  : 

0.19  i 

2 

0 

0 

i 

— 

55 

Co(NO,),-6HO 

2.91 

0.54 

2 

0 

0 

56 

Co(C,HA)f'4H,0 

2.49 

0.36  I 

2 

36 

8 

41.0 

0.37 

57 

MnCV4H|0 

1.98 

0.36 

2 

0 

115 

109 

0.97 

58 

Mn(NO|)2‘ 6HbO 

1.44 

0.27 

2 

0 

0 

— 

— 

59 

Ba(OH)2  •  8H,0  1 

3.16 

0.72 

2 

360 

5 

333.26 

2.98 

multiple  repetition. 

Results  of  the  experiments  are  quoted  in  Table  2. 

Analysis  of  the  Experimental  Results 

In  Table  2  ate  collected  the  results  obtained  from  the  study  of  fifty-nine  various  crystallohydrates  with 
beryllium  powder. 

All  calculations  for  the  quantity  of  water  of  crystallization  entering  into  reaction  were  made  according 
to  the  equation  Be  +  2H’OH*  =  Be(OH)|  +  H|,  in  contradistinction  to  which  there  were  obtained  values  consider¬ 
ably  exceeding  the  possible  theoretical  in  a  number  of  cases.  This  was  done  for  the  purpose  of  comparing  the 
results  obtained  by  the  author  with  the  results  of  Mikhailenko  and  Semishin,  using  magnesium,  aluminum  and 
zinc,  where  the  calculations  were  made  according  to  the  above-quoted  equation. 

I.  In  four  instances  (Experiments  23,  32,  37  and  44)  the  quantity  of  water  of  crystallization  entered  into 
reaction  was  more  than  100‘yb.  These  are  the  cases  where  the  reaction  started  with  a  sudden  impetus  and  with 
considerable  heating  up.  It  could  be  assumed  that  due  to  the  high  temperature  developed  at  the  abrupt  start 
of  the  reaction,  as  a  result  of  the  reaction  of  beryllium  with  the  crystallization  water  of  the  crystallohydrates, 
the  beryllium  hydroxide  formed  decomposed  with  liberation  of  water  Be(OH)|  =  BeO  +  HjO,  since  beryllium  hy¬ 
droxide  can  stand  drying  up  to  100",  but  upon  stronger  heating  splits  off  water,  transforming  into  BeO.  In  its 
turn  the  water  liberated  from  Be(OH)2  entered  into  reaction  witii  the  beryllium  powder,  for  which  reaction  the 
catalyst  was  the  salt  contained  in  the  reaction  mixture.  The  author  is  basing  this  assumption  upon  the  work  of 
Mikhailenko  and  Mushinski,  who  demonstrated  that  the  catalyst  for  the  reaction  of  metallic  magnesium  with 
water  appeared  to  be  those  substances  whose  crystallohydrates  react  with  magnesium,  and  also  upon  the  follow¬ 
ing  observations  which  have  been  made  in  the  process  of  the  author’s  work. 

1)  Upon  heating  a  mixture  of  the  crystallohydrate  powder  with  beryllium  powder,  considerable  water 
condensed  on  the  wall  of  the  flask  in  a  number  of  instances.  When  this  water,  running  down  the  walls  of  the 
flask,  dropped  onto  the  mixture,  this  provoked  an  intense  evolution  of  hydrogen  in  some  cases,  for  example, 
in  the  experiments  with  CUSO4  +  5HjO  (experiment  27),  with  CuClj*  6H|0  (experiment  52);  in  other  instances 
the  dropping  of  water  onto  the  crystallohydrate  and  beryllium  mixture  remained  without  results,  even  upon 
heating  to  200*,  as  for  example  with  ZnfCjHsO*)*'  2H2O  (experiment  21),  with  K4Fe(CN)6’  SHjO  (experiment 
10)  and  widi  Na2B407'  IOH2O  (experiment  6).  Thus,  as  regards  the  reaction  of  beryllium  with  water,  the  cat¬ 
alytic  salts  for  the  reaction  could  be  non-catalytic. 
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2)  In  two  cases  (experiment  23  with  CdCl*  •  2*^  H[0  and  experiment  24  with  CdS04*  HjO)  there 
was  an  intensive  evolution  of  hydrogen  without  a  heating  up  of  the  mixture,  upon  wetting  with  water  the  mass 
which  had  remained  in  the  flask  after  cessation  of  the  previous  hydrogen  evolution  due  to  the  200*  heating. 

In  die  remaining  instances,  such  observations  were  not  made,  therefore,  it  is  not  possible  to  say  any¬ 
thing  definite,  but  in  any  case  there  is  still  the  phenomenon  of  reaction  activation  between  the  metal  and 
water. 

3)  Some  salts  which  are  devoid  of  crystallization  water  do  not  react  with  beryllium  powder  in  the  dry 
state,  but  when  moist,  or  in  the  form  of  a  water  suspension,  react  with  hydrogen  evolution.  Thus,  for  example, 
a  water  suspension  of  Cu^Cli  with  beryllium  powder  gives  an  intense  reaction,  with  heat  and  violent  hydrogen 
evolution,  hydrogen  chloride,  and  copper  reduction. 

4)  In  some  instances  the  crystallohydrates,  reacting  with  beryllium  powder  only  upon  heating  (Experi¬ 
ment  24  with  CdS04’  s  1^0  and  experiment  27  with  CuS04-  5H|Oi;  react  very  vigorously  in  the  moist  state 
without  heating,  with  an  evolution  of  heat  for  the  overall  mass,  violent  evolution  of  hydrogen,  and  metal 
reduction. 

The  cases  quoted  can  be  summed  up  in  the  conception  of  the  reaction  activation  of  beryllium  with 
water.  It  was  of  great  interest  and  important,  to  explain  the  mechanism  of  activation,  and  to  clarify  the  role 
of  the  activator  in  the  reaction.  Investigation  of  the  reaction  i»oducts  could  have  given  results  in  this  sense, 
however,  investigation  of  the  mixture  in  this  direction  was  not  carried  out.  The  authors  will  utilize  the  obr 
served  activation  phenomenon  only  to  base  their  assumption  about  the  process  of  hydrogen  evolution  from  the 
mixture  of  crystallohydrate  with  beryllium  powder  in  those  cases  where  the  hydrogen  evolution  is  greater  than 
that  theoretically  possible  according  to  the  standard  reaction  scheme  between  metal  and  water.  It  is  possible 
that  in  the  remainder  of  the  cases  where  heating  was  conducted  at  200*  the  process  went  analogously,  but  less 
intensely,  and  thus  the  amount  of  crystallization  water  entering  into  reaction  with  beryllium  did  not  exceed 
100<7!>.  Without  an  investigation  of  the  reaction  products  it  is  difficult  to  express  anything  more  definite. 

II.  The  influence  of  the  nature  of  the  crystallohydrate  upon  the  beryllium  activity  as  regards  crystal¬ 
lization  water  was  very  clearly  shown.  In  some  cases  reaction  occurred  upon  mixing,  in  other  cases  upon  light 
heating,  and  in  still  others  reaction  did  not  occur  even  upon  heating  to  200*;  sometimes  hydrogen  was  evolved 
very  slowly  and  gradually,  in  other  cases  the  hydrogen  evolution  proceeded  very  violently,  occasionally  with 
explosion-like  violence;  the  intensity  of  the  reaction  occasionally  shows  two  or  three  maxima  (experiment  37 
with  SnCl]'  2H|0  and  experiment  44  with  FeCl|*  61^0,  and  others). 

The  last  case  indicates  that  the  various  molecules  with  added  neutral  water  have  bonds  in  the  aqua- 
complex  of  unequal  stability  with  an  ion-complexing  agent,  and  consequently  with  varying  degree  of  proton 
mobility. 

Semishin  has  expressed  the  assumption  that  in  the  inner  sphere  of  the  aqua-complex  the  water  mole¬ 
cules  are  arranged  in  layers,  distinguished  by  attraction  energy  of  the  neutral  addendum,  starting  from  the  fact 
that  neither  he,  nor  Mikhailenko,  have  been  able  to  induce  interaction  between  powdered  Mg,  A1  or  Zn  metal 
with  more  than  bOflJo  of  the  crystallization  water.  The  maxima  in  the  intensity  of  crystallohydrate  reaction 
with  beryllium,  observed  by  the  author,  confirm  this  assumption. 

The  absence  of  interaction  between  beryllium  and  crystallohydrate  water  was  established  in  thirty-two 
instances  out  of  fifty-nine;  six  crystallohydrates  started  to  react  at  temperatures  above  100*,  (experiments  16, 

18,  19,  29,  46  and  57);  of  four,  the  reaction  terminated  at  100*,  and  further  heating  to  200*  did  not  procure 
reaction  (tests  1,  4,  5,  20);  in  six  cases  reaction  started  within  a  few  seconds  after  mixing,  with  sudden  violence 
and  heat  evolution  of  the  mixture  (tests  23,  26,  37,  44,  53);  in  the  remainder  of  cases  reaction  proceeded  with 
moderate  speed,  starting  in  the  interval  40-70*.  The  rate  of  hydrogen  evolution  for  a  series  of  crystallohydrates 
has  two  maxima:  a  first  one  up  to  100*,  and  a  second  between  100  and  200*.  The  quantity  of  crystallization 
water  entering  into  reaction  fluctuates  from  1.03^  in  NajHP04*  12H|0,  to9(’t.62%in  CrCls*  6H|0,  not  counting 
those  four  crystallohydrates  whose  quantity  of  water  entered  into  reaction  exceeds  100^  (tests  23,  32,  37,  44). 

Thus  we  see  that  the  nature  of  the  crystallohydrates  affects  the  results  of  the  reaction  with  extraordinarily 
large  magnitude.  In  order  to  better  ascertain  the  influence  of  the  crystallohydrate  nature,  they  were  grouped 
into  several  tables  according  to  the  anions. 

As  table  3  shows,  of  the  chlorides,  the  crysullohydrates  of  the  metals  belonging  to  the  iron  family,  and 
salts  of  the  so-called  heavy  metals,  enter  most  actively  into  reaction.  The  very  small  activity  of  the  MnCl2‘4H|0 
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TABLE  3  1 

TABLE  4 

Volume 

H,0  mol¬ 

1 

Volume 

HO  mol¬ 

^  ■  Crystallohydrate  formula 

H,(ml) 

ecules  en¬ 

Crystallohydrate  formula 

H,(ml) 

ecules  en¬ 

No.  1  1 

!  I 

at  0* 

tered  into 

No,  1 

at  0* 

tered  into 

reaction 

reaction 

3 

4 

1  i  2 

3 

4 

16  MgClj-  6H,0 

293.9 

2.62 

i 

2  '  Na,SO4-10H,O 

0 

0 

19  BaCl, -211,0 

21.4 

0.19 

14  MgS04-  7H,0 

0 

0 

23  CdCl,-2V,H,0 

360.9 

3.22  i 

20  ZnS04-  7H,0 

213.6 

1.9 

26  CuCl, -211,0  1 

330.8 

1.48 

24  CdS04-  */,H,0 

64.78 

0.58 

37  SnCl,  -  2H,0  i 

301.8 

2,78 

27  CUSO4-  5H,0 

140.7 

1.26 

38  :aCl,-6H,0  j 

328.0 

5.86 

31  1  Cu(NH4),(S04), -611,0 

249 

2.22 

44  j  Fed, -611,0 

390.0 

6.96  1 

34  A1,(S04),-  18H,0 

253.6 

4.53 

53  Cod,  •  6H,0  ; 

313.3 

5.59  ! 

35  K,A1,(S04)4-24H,0 

87.3 

6.24 

57  iMnCl,-4H,0 

109.0 

0.97 

1 

36  (NH4),A1,( 504)4-  24H,0 

93.0 

6.64 

32  :  Cu(NH4),Cl4-  2H,0 

322.91 

2.86  , 

39  Cr,(S04),- 18H,0 

0 

30  j  Cu(NH,)4C1,- HO 

0 

0 

40  K,Cr,(S04)4-24H,0 

172.3 

6.16 

45  FeS04-  7H,0 

0 

represents  an  exception.  The  chlorides  of  the 

1 46  Fe(Ntf4),(S04),  -  6H,0 

74.5 

0.67 

alkaline  earth  metal  crystallohydrates 

display 

47  '  (NN4),Fe,(S04)4-  24H,0 

211.8 

7.56 

little  activity,  and  of  all  the  chlorides  investigated, 

51  '  NiSO^ '  7t]^0 

0 

only  the  chloride  of  copper  ammoniate  failed  to 

52  j  Ni(NH4),(S04),  -  6H,0 

0 

react  at  all  with  beryllium. 

54  1  CoS04-  7H,0 

0 

A  comparison  of  data  in  tables  3  and  4  demonstrates  that  the  crysullohydrates  of  the  sulfates  are  considerably 
less  reactive  toward  beryllium  than  the  crystallohydrates  of  the  chlorides.  Off  eleven  investigated  chlorides,  only 
one,  the  chloride  of  copper  ammoniate,  failed  to  react  with  beryllium,  ana  only  had  a  percentage  of  water  of 
crystallization  entered  into  reaction  which  was  less  than  the  majority  having  a  percentage  considerably  higher 
50  to  that  approaching  100^  and  four  leaving  considerably  higher  than  100^.  And  at  the  same  time,  of  the 
seventeen  sulfates  investigated,  seven  did  not  react  with  beryllium,  and  the  remaining  had  a  quantity  of  percentage 
water  of  crystallization  entered  into  reaction  which  did  not  exceed  31%  with  one  exception;  in  the  majority  of 
cases  (seven  out  of  nine)  this  percentage  fluctuated  from  21  to  21%  Among  the  sulfates,  the  inactive  proved  to 
be  the  crystallohydrates  of  sodium,  magnesium,  chromium,  and  also  all  of  the  metals  of  the  iron  family. 

Double  salts  and  alums  displayed  greater  activity  than  the  simple  ones.  Thus,  for  example,  CrjfSO^js’ 

*  181^0  does  not  react,  but  in  potassium  chromate  alum  it  was  possible  to  decompose  25*^  of  the  water  of 
crysuUization.  This  phenomenon  is  also  observed  among  the  chlorides,  CuClj'  2H|0  gives  73.84‘^fo  of  water 
entered  into  reaction,  and  Cu(Nll4)|Cl4'  2H|0  -144.15<7o.  The  exception  to  this  situation  is  nickel,  for  which  the 
sulfate  —both  simple  and  double  with  ammonia  —does  not  react  with  beryllium. 

Thus,  the  crystallohydrates  of  the  sulfates  in  all  cases  manifest  less  activity  with  beryllium  as  compared 
with  the  chlorides,  exactly  the  same  as  was  noted  in  the  works  of  Mikhailenko  and  Semishin  with  magnesium, 
aluminum  and  zinc. 

In  experiments  22,  23,  41,  43,  48  and  58,  considerable  volume  of  gas  was  collected  (from  50  to  135  ml), 
but  it  was  found  to  be  pure  nitric  oxide.  Thus,  from  the  eleven  investigated  nitrates  not  one  reacted  with 
beryllium  to  evolve  hydrogen.  The  presence  in  the  crystallohydrate  of  the  nitrate  ion  renders  it  entirely  inactive 
as  regards  to  beryllium. 

From  a  comparison  of  the  data  in  tables  6  and  4,  it  can  be  seen  that  the  anion  of  acetic  acid,  in  all 
cases  except  one  (test  56),  exerts  an  inhibitory  action  upon  the  interaction  of  the  crystallohydrate  with  beryllium 
which  is  considerably  greater  than  that  of  the  SO4  ion. 

The  anions  can  be  arranged  in  a  sequence,  according  to  decreasing  activity,  as  regards  the  effect  of 
the  anion  upon  the  activity  of  the  crystallohydrate  with  beryllium; 

Cl ^  (CjHjO,)' >  NC3. 
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TABLE  5 


TABLE  6 


Nitrates  Acetates 


Test 

No. 

Crystallohydrate 

formula 

Total  H, 
separated 
(in  ml) 

Test 

No. 

Crystallohydrate 

formula 

H,  vol. 

(ml  at  O') 

11,0  molecules 
entered  into 
;  reaction 

15 

Mg(NO,),- 6H,0 

0 

7 

NaC,H,0,- 3H,0 

0 

0 

17 

Ca(NO,),-  4H,0 

0 

18 

Ca(C,H,0,),- 2H,0 

13.9 

0.13 

22 

Zn(N0,),'6H,0 

0 

21 

Zn(C,H,0,),' 2H,0 

0 

0 

25 

CdfNQ,), -411,0 

0 

29 

Cu(C,H,0,),- H,0 

32.28 

i  0.15 

28 

CufNO,),  •  6H,0 

0 

42 

Pb(C,HA)l-3H,0 

0 

!  0 

1 

33 

Bi(NO,),- 5H,0 

0 

56 

Co(C,HA)l -411,0 

41.0 

0.37 

41 

Cr(NO,),-  9H,0 

0 

43 

HgNO,-  H,0 

0 

This  sequence  we  ananged  on  the  basis  of  a  study  of  the 

48 

Fe(NO,),*  9H,0 

0 

reaction  with  beryllium  of  ten  crystallohydrates  with  the  Cl"  ion. 

55 

C0(N0,),  •  6H,0 

0 

seventeen  with  the  SO4  ion  and  six  with  the  ion,  and 

by 

Mn(NO|),’ 6H,0 

0 

eleven  with  the  NO,”  ion.  The  remaining  fifteen  crysullohydrates 

are  found  to  be  salts  of  various  cations  and  anions  repeated  once 
or  twice  In  the  tests^  Ihus,  as  for  an  arrangement  of  similar  type 


fcv  all  of  the  anions,  there  are  insufficient  data  for  the  time  being. 

On  the  basis  of  the  data  in  table  7,  it  can  be  assumed  that  the  PO4*  ion  and  the  organic  acid  anions  will, 
as  a  rule,  exert  an  inhibitory  effect  on  the  reaction. 

TABLE  7 


Crystallohydrates  of  the  Salts  of  Various  Acids 


Test 

No. 

Crystallohydrate 

fcxmula 

H,  vol. 
(ml)  at 

0* 

11,0  molecules  { 

entered  into  1 

1 

reaction  I 

Test 

No. 

Crystallohydrate 

formula 

Vol.  of  H, 
(ml)  at  0* 

H,0  molecules 
entered  into 

reaction 

1 

Na,CO,'  1011,0 

23.13 

0.41 

10 

K4Fe(CN)4- 311,0 

- 

0 

3 

Na,SO,-  71^0 

— 

0  ! 

5HjO 

- 

0 

4 

Na,S,0,  - 511,0 

11.2 

0.10  i 

12 

(NH14),CAOt-H,0  - 

0 

5 

Na,HI>04 -121^0 

13.9 

0.13 

13 

(Nll4),C,04*  11,0 

- 

0 

6 

Na,B407- 1011,0 

— 

0 

49 

FeP04-  2HO 

0 

8 

g 

Na,[Fe(CN)5NO]- 211,0  - 
NalC4HA-4H,0  | 

0 

50 

i 

Fe,(P04),- 811,0 

0 

As  regards  the  activity  of  beryllium  with  the  crystallohydrates,  in  comparison  with  magnesium,  aluminum 
and  zinc,  the  beryllium  fails  to  react  with  a  great  many  more  crystallohydrates  than  the  metals  mentioned,  but 
in  those  cases  where  reaction  does  occur,  beryllium  reacts  with  considerable  more  activity  than  the  metals 
mentioned. 


The  table  8  which  follows  illustrates  this  situation. 
TABLE  8 


Metals 

The  number  of 

The  number  of  crystallohydrates 

1  Crystallohydrate  Maximum  °}o 

\  Crystallohydrate 

investigated 

crystallohydrates 

Non-reacting 

Reacted 

percent,  where 
H,0  entered 
into  reaction 
>10*^ 

'of  HjO  entered  1 
into  reaction  | 

1 

1  formula,  from 
which  the 

maximum  of 
H,0  was 
successfully 
split. 

Be 

59 

31 

28 

75 

I 

144.15  1 

Cu(NH4),Cl4- 
•  2H,0 

Mg 

53 

3 

50 

44 

1  39.1 

CoCl, -611,0 

A1 

42 

8 

34 

23.5 

51.3  ! 

!  FeCl,-4i%0 

Zn 

43 

5 

38 

11.5  j 

1  29.3  1 

NiCl,-6H,0 

1959 
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TABLE  9 


Interaction  of  the  Ciystallohydrates  of  the  Chlorides  with  Be,  Mg,  A1  and  Zn  at  200* 


No. 

Crystallohydrate 

Entered  into  reaction  with  the  water  of  crystallization 

formula 

m— 

A1 

(Semishin  data) 

Zn 

(Semishin  data) 

■B 

Mol. 

«h 

Mol. 

Mol. 

Mol. 

1 

MgCl,*  6H,0 

43.42 

2.62 

11*87 

0.7 

1.63 

0.10 

1.3 

0.08 

2 

BaCl,‘2H,0 

9.55 

0.19 

0 

0 

3.6 

0.07 

2.99 

0.06 

3 

CdCl,*2ViH,0 

128.9 

3.22 

Vigorous  reaction 
upon  grinding 

7.1 

0.14 

Vigorous  reaction 
upon  grinding 

4 

CuCl,  •  2H,0 

73.84 

1.48 

5.8 

0.12 

8.6 

0.17 

5.6 

0.11 

5 

SnCl, -21110 

134.74 

2.78 

Vigorous  reaction 
upon  grinding 

21.8 

0.44 

(8.0) 

(0.16) 

6 

era, -61^0 

97.62 

5.86 

21,11 

1.27 

Vigorous  reaction 
upon  grinding 

(5.94) 

(0.36) 

7 

Fea, -611,0 

116.17 

6.98 

Vigorous  reaction 
upon  grinding 

22,1 

1^33 

6.6 

0.40 

8 

CoCl,-  6H,0 

93.16 

5.59 

39.19 

2.35 

|31,7 

1.90 

22.9 

1.37 

9 

NiCl, -611,0 

- 

- 

25.35 

1.34 

,24.7 

1.48 

29.3 

1.76 

10 

MnCl,- 411,0 

24.33 

0.97 

25.25 

1.01 

1.30 

0.07 

5.8 

0.23 

11 

Fed,  •  411,0 

- 

- 

28,56 

1.14 

51.3 

2.05 

9.1 

0.36 

12 

Cu(NH4),Cl4-  2H,0 

144.15 

2.88 

— 

■ 

— 

— 

TABLE  10 


Interaction  of  the  Crystallohydrates  of  the  Sulfates  with  Be,  Mg,  A1  and  Zn 


No. 

Crystallohydrate  formula 

Entered  into  reaction  with  the  water  of  crystallization 

Be 

(Alekseeva  data) 

ilillillH 

— 

Zn 

(Semishin  data) 

Mol. 

Oh 

Mol. 

Oh 

Mol. 

1 

Na,SQ4-10H,O 

0 

0 

3.64 

0.36 

1.5 

0.15 

0 

0 

2 

CaS04.  2H,0 

- 

- 

0 

0 

- 

- 

- 

- 

3 

MgS04-  7H,0 

0 

0 

7.21 

0.50 

2.1 

0.15 

1.7 

0.12 

4 

ZnS04-  7H,0 

27.24 

1.9 

23.5 

1.63 

1.5 

0.1 

1.0 

0.07 

5 

CdS04-  •/,  H,0 

21.67 

0.58 

6.21 

0.50 

0 

0 

3.4 

0.27 

6 

CUSO4 -511,0 

25.13 

1.26 

5.63 

0.28 

1.4 

0.07 

1.2 

0.06 

7 

MnS04-5H,0 

- 

- 

12.3 

0.86 

0.89 

0.04 

0.72 

0.04 

8 

FeS04-  7H,0 

0 

0 

0 

0 

0 

0 

2.8 

0.2 

9 

NiS04-  71^0 

0 

0 

4.08 

0.28 

2.7 

0.19 

- 

- 

10 

C0SO4-  6HO 

0 

0 

9.44 

0.57 

0 

0 

1.04 

0.06 

11 

Al2(S04),-  18H,0 

25.16 

4.53 

6.44 

1.16 

0.90 

0.1 

1.99 

0.36 

12 

K,A1,(S04)4-  24H,0 

26.0 

6.24 

17.39 

4.17 

2.90 

0.59 

2.23 

0.54 

13 

Q^SO,),-  18H,0 

0 

0 

- 

- 

- 

0 

0 

14 

K,Q, (804)4.  24H,0 

25.65 

6.16 

15.73 

3.78 

1.38 

;  0.33 

1.8 

0.43 

15 

(NH4),Fe,(S04)4.  24H,0 

■31.52 

7.56 

- 

‘  - 

0 

i  0 

1.20 

0.29 

16 

(Nli4),Fe(S04),.6H,0 

1 11.09 

0.67 

8.14 

,  0.49 

0 

1  ° 

1.3 

. 

0.08 

In  all  cases  the  beryllium  activity,  as  regards  the  crystallohydrates  of  the  chlorides,  exceeds  the  activity 
^  of  aluminum  and  zinc  many-fold,  and  exceed  considerably  the  magnesium  activity,  and  only  as  regards  the 
MnClj'4H|0,  are  the  activity  of  the  beryllium  and  the  magnesium  the  same  (table  9). 

For  the  sulfates,  the  picture  obuined  is  somewhat  different  (table  10). 
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As  the  data  of  table  10  show,  this  picture  is  considerably  variegated.  Thus,  MgS04‘  71^0  and  NiS04-  7H|0 
!?^not  give  reaction  with  beryllium  but  react  with  the  remaining  three  metals;  CdS04*  Mohr's  salt  and 

ammonia  •  the  ferric  alums  of  these  t  react  only  with  aluminum  but  FeS04‘  7H|0  on  the  contrary,  reacts 
only  with  zinc;  Na2S04*  lOH^O,  does  not  react  with  zinc  or  beryllium.  For  all  four  metals  the  interaction  with 
the  various  crystallohydrates  of  the  sulfate  is  clearly  seen  to  be  an  inhibitory  role  for  the  SO4  ion,  in  contrast 
to  the  Cl’  ion. 

For  the  salt  series  there  is  greater  activity  of  beryllium,  as  regards  the  sulfates,  than  of  aluminum  and 
zinc,  and  even  of  magnesium,  but  in  this  last  situation  there  are  exceptions,  where  the  beryllium  does  not 
react  and  the  magnesium  displays  activity —these  are  the  sulfates  of  sodium,  magnesium,  cobalt  and  nickel. 

SUMMARY 

1.  Metallic  beryllium  powder  reacts  with  the  water  of  crystallization  of  solid  crysullohydrates. 

2.  One  of  the  reaction  products  is  found  to  be  hydrogen. 

3.  The  quantity  of  crystallohydrate  water  which  enters  into  reaction  is  increased  with  an  increase  in  the 
relative  amount  of  beryllium,  but  within  certain  limits. 

4.  The  reaction  of  beryllium  with  water  can  be  activated  at  ordinary  temperatures  bdihihy  crystallo¬ 
hydrates  reacting  in  the  solid  state  with  beryllium  and  by  some  anhydrous,  practically  water-insoluble  salts. 

5.  The  basic  reaction  between  beryllium  and  the  water  of  crystallization,  which  proceeds  according  to 

the  scheme  Be  +fZH‘DH’ - ►  Be(OH)|  +  H|,  is  complicated  in  those  cases  where  the  process  occurs  with  con¬ 

siderable  heating  of  the  reaction  mixture,  in  that  Be(OH)|  loses  water,  and  the  evolving  water  is  decomposed  by 
the  metallic  beryllium  under  the  activating  influence  of  the  crystallohydrate. 

6.  In  a  number  of  cases,  upon  reaction  of  beryllium  with  the  crystallohydrates  of  chlorides,  there  is 
observed,  along  with  hydrogen,  the  evolution  of  hydrogen  chloride,  and  the  reduction  of  the  salt  cation  to  the 
metal. 


7.  The  nature  of  the  crystallohydrate  affects  the  intensity  of  the  reaction  to  an  extreme  degree.  The 
quantity  of  water  entered  into  reaction  fluctuates  from  zero  to  144^.  Some  crystallohydrates  enter  into  reaction 
with  beryllium  upon  direct  contact,  others  require  heating  to  various  degrees,  and  yet  others  do  not  react,  even 
when  heated  up  to  200*. 

8.  The  crystallohydrates  of  the  chlorides  possess  the  greatest  activity  with  beryllium. 

9.  The  crystallohydrates  of  the  nitrates  are  entirely  inactive  toward  beryllium. 

10.  The  presence  of  the  SO4  ion  in  the  crystallohydrate  and  (CjHjOj)’  strongly  decrease  the  activity  of 
the  crystallohydrates  toward  beryllium,  and  at  the  same  time,  the  presence  of  the  (C|H)0|}'  ion  decreases  the 
activity  to  a  greater  degree  than  the  SO4"  ion. 

11.  The  crystallohydrates  of  the  double  salts  and  of  alum  react  with  beryllium  more  actively  than  the 
corresponding  simple  salts. 

12.  Of  the  cations,  those  of  sodium  and  the  alkaline  earth  metals  impart  die  smallest  activity  to  the 
crystallc^ydrates.  The  chlorides  of  the  metals  of  the  iron  family  and  the  heavy  metals  possess  the  greatest 
activity.  The  most  active  of  the  simple  salts  ate:  SnClj"  2H|0,  CdClj •  2V2H|0,  FeClj*  6H|0,  CrCls*  6H|0, 

CoCl,  •  6H,0  and  CuCl,  •  2H,0. 

13.  In  all  cases  beryllium  is  considerably  more  active  toward  the  crystallization  water  of  the  solid 
crystallohydrate!  of  chloride,  than  are  magnesium,  aluminum  and  zinc.  According  to  decreasing  activity, 
these  metals  are  arranged  in  the  sequence  Be— Mg-Al-Zn. 

'  .  r  r  i,  ,  ■■  ■■" 

14.  Regardless  of  the  great  activity  of  beryllium,  it  is  not  possible  to  decompose  all  of  the  water  of 
crystallization  in  a  majority  of  the  crystallohydrates.  The  interaction  of  a  crystallohydrate  with  beryllium 
occurs  stepwise,  the  intensity  of  hydrogen  evolution  having  two,  and  in  some  cases  three,  maxima  for  the 
majority  of  crystallohydrates. 

All  of  this  taken  together,  confirms  the  position  of  Semishin  that  "the  water  molecules  in  the  aquo-complex 
are  unequal,  that  they  are  arranged  in  water  layers  within  the  internal  sphere  of  the  complex,  differing  by  the 
energy  of  addition  and  by  the  degree  of  mobility  of  the  proton  [5]". 
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THERMAL  DEPENDENCE  OF  THE  HYDRATION  REACTION  RATE  OF  THE  METAPHOS- 


PHORIC  ACIDS 

I.  A.  Brovkina 


The  stereochemical  theory  of  Yu.  V.  Khodakov  [1,2]  has  been  confirmed  by  the  example  of  phosphoric 
anhydride  hydration  in  the  work  of  Khodakov  and  Rodionova  [3].  The  meuphosphoric  acid  formed  upon  hydra¬ 
tion  of  i^osphoric  anhydride  was  found  to  be  tetrametaphosphoric  acid,  i.e.,  an  acid  of  different  nature  than  the 
trimetai^osphoric  acid. 

In  the  present  work  the  temperature  function  of  the  hydration  reaction  rate  of  trimeta-  and  of  tetiameta- 
phosphate  ions,  in  alkaline  and  in  acid  media, i  was  investigated  for  the  purpose  of  finding  a  physico-chemical 
method  for  the  identification  of  these  meta  acids,  for  they  do  not  differ  from  one  another  analytically  (all  of 
their  salts  are  soluble). 

The  hydration  reaction,  both  of  the  trimetaphosphate  and  of  the  tetrametaphosphate  ion,  is  evidently 
monomolecular,  but  in  diluted  aqueous  solution  the  quantity  of  water  used  for  hydrolysis  should  be  neglected, 
and  the  concentration  of  water  considered  to  be  constant,  then  the  speed  of  reaction  will  be  expressed  by  the 
first  order  equation: 


K  = 


2.303 

T 


log 


a 


a  -X  ’ 


where:  a  —initial  concenuation; 
c  =  (a  —  X)  —concentration  in  the  moment  of  r; 
T  —time,  in  minutes 
K  —  velocity  constant. 


The  characteristic  peculiarities  of  the  equation  for  first  order  reactions  are  that  the  numerical  value  for 
the  velocity  constant  does  not  depend  upon  choice  of  units  for  concentration,  and  at  the  same  time  the  half- 
life  does  not  depend  upon  the  initial  concentration,  and  can  appear  as  the  velocity  characteristic  of  such  reactions, 
the  same  as  the  constant.  The  half-life  period  can  be  calculated  according  to  the  following  formula: 

log  2  _  0.693 

"“i  "  K  ■  K  • 

2 

The  reaction  rate  increases  rapidly  with  temperature. 

The  dependence  of  reaction  rate  upon  temperature  can  be  expressed  by  the  equation  log  K  =  B  —  —  , 

according  to  which  the  value,  log  K,  in  the  function  should  be  graphically  exjxessed  by  a  straight  line, 

while  the  tangent  of  the  angle  of  the  straight  line  with  the  abscissa  axis  gives  the  constant  A,  and  the  section 
cut  by  it  on  the  ordinate  axis  gives  B. 

The  constant  coefficient,  B,  is  the  logarithm  of  the  total  number  of  molecular  impacts.  The  coefficient 
E  E 

^  “  o"'o'a'o"d  ~  ,  where  E  =  activation  energy,  i.e.,  that  minimum  energy  which  the  molecule  should  possess 

2.303R  4*0  7u 

in  order  that  the  impacts  be  effective. 


The  reaction  should  be  preceded  by  a  weakening  or  break-down  of  the  internal  bonds  of  the  reacting 
molecules,  without  which,  regrouping  of  the  atoms  is  impossible,  to  lead  to  the  formation  of  molecules  of  reaction 
products. 

Ordinarily  the  mean  energy  of  the  molecules  is  considerably  lower  than  the  activation  energy,  thus  the 
value  of  the  activation  energy  is  determined  only  by  a  few  co-impacts  of  the  higher  energy-containing  molecules. 

The  number  of  activated  molecules  able  to  react  increases  with  increase  in  temperature. 
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If  the  velocity  constants  are  known  for  different  temperatures  from  experiment,  then  the  activation  energy 
can  be  computed  according  to  the  equation: 

E  =  2.3031og  ^  . 

T|-Ti 

The  hydration  reaction  of  the  trimeta-  and  the  tetra-metai^osphates  proceed  with  sufficient  speed  only 
in  acid  or  alkaline  solution,  where  they  are  catalyzed  by  the  or  the  OH  ‘  ions.  The  velocity  constant  is 
proportional  to  the  concentration  of  catalytic  ions. 

EXPERIMENTAL 

Starting  materials  for  execution  of  the  work  were  sodium  trimetaphosphate  and  tetrametaidiosphate. 

The  trimetaphosphate  of  sodium  was  obtained  by  calcination  of  the  monosubstituted  derivative  of 
sodium  orthophosphate  at  a  defined  temperature  rate.  The  product  obtained  after  calcination  was  recrystallized 
and  dehydrated  in  a  drying  cabinet  and  over  sulfuric  acid. 

Sodium  tetrametaphosphate  was  prepared  by  neutralization  of  a  freshly  prepared  solution  of  tetrameta* 
phosphoric  acid,  obtained  by  dissolving  in  water  the  volatile  modification  of  phosi^oric  anhydride. 

The  extreme  hygroscopicity  of  the  phosphoric  anhydride  necessitated  application,  during  the  work,  of  a 
whole  series  of  precautions.  In  order  to  obuin  pure  tetrameuphosi^oric  acid,  the  phosphoric  anhydride  was 
dissolved  in  water  in  small  portions,  cautiously,  to  avoid  heating  up.  The  acid  obtained  was  titrated,  and  the 
whole  solution  was  then  neutralized  with  the  calculated  quantity  of  alkali. 

The  reactions,  occurring  at  the  same  time,  can  be  expressed  by  the  following  equations: 

P40„  +  2H,0  =  H4P4OU, 

H4P4P1,  +  4NaOH  =  Na4P40u  +  4H,0. 

The  sodium  tetrametaphosphate  solution  obtained  in  this  manner  could  be  preserved  for  a  few  days* 
duration. 

Procedural  Method  for  Conduction  of  the  Hydration  Reaction 

The  hydration  reaction  of  both  sodium  trimetaphosphate  and  tetrametaphosphate  was  carried  out  in  a  glass 
test  tube  with  a  dephlegmator  and  thermostatic  heating  with  an  electric  heater. 

The  thermostatic  temperature  was  supptKted  with  the  help  of  a  thermqtegulator  with  an  accuracy  of 
+  0.01*  C. 

Apixroximately  50  ml  of  0.1  N-solution  was  taken  for  hydration,  to  which  was  added  alkali  (or  acid)  in 
such  volume  as  to  maintain  in  the  mixture  a  concentration  0.1  N  with  respect  to  alkali  (or  acid).  After  lapse  of 
a  given  time,  from  the  beginning  of  heating  of  the  solution,  a  5  ml  sample  was  taken  which  was  rapidly  cooled 
and  analyzed. 

After  coolingi  the  solution  of  sample  taken  was  neutralized  accurately  to  a  pH  of  9.2  in  the  presence  of 
phenoli^thalein.  An  excess  of  silver  nitrate  solution  was  added  to  the  neutral  solution  for  precipitation  of  the 
hydration  ivoducts.  Neither  trimetaphosphate  nor  tetrametaphosphate  ions  precipitate  with  silver  ion,  but  the 
hydration  i»oducts  precipitate.  The  precipitate  was  filtered  off. 

1-2  ml  of  concentrated  nitric  acid  was  added  to  the  filtrate  to  determine  the  quantity  of  remaining  non- 
hydrated  metaphosphate  ions,  and  the  solution  was  evaporated  for  1*1.5  hours  on  a  sand  bath  (but  not  to  dryness). 
Upon  such  lengthy  boiling  in  the  presence  of  the  concentrated  acid,  the  m-prfiosphate  ions  hydrate  fully,  and 
transform  into  o-phosphate  ions. 

After  cooling,  the  solution  was  diluted  with  water,  neutralized  to  pH  9.2,  and  the  o-phosphate  ion  precipi¬ 
tated  by  silver  nitrate.  At  a  pH  of  9.2  there  could  only  be  present  in  the  solution  the  ions  of  HPO4,  which,  upxin 
reaction  with  silver  ions,  form  hydronium  ions  according  to  the  reaction: 

H,0  +  HPO;  +  3  Ag-  =  AgsP04  +  HjO'  » 
during  which  the  pH  of  the  solution  decreases. 
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The  liberated  hydronium  ions  were  very  accurately  titrated  with  alkali  in  the  presence  of  phenol  red 
indicator. 


From  the  quantity  of  alkali  used  for  titration  of  the  hydronium  ions,  the  equivalent  concentration  of 
phos];diate  ion  was  calculated. 

On  the  basis  of  the  data  obtained,  kinetic  curves  were  plotted,  demonstrating  changes  in  concentration 
of  initial  product  with  time. 

The  rate  constants  were  then  calculated  and  finally  the  activation  energy  of  hydration  for  m-phosphoric 

acids. 


TABLE  1 


Hydration  of  trimetaphosphate  in  alkaline  medium 
at  a  temperature  of  65’ 


Time  !  0.0347 
(in  min.)  N-KOH 

1  (ml) 

Normality 
(N)  of 
sample 
sol. 

Percentage  of 

remaining 

phosphate 

Rate 

constant 

1 

'  2 

3 

4 

5 

0 

- 

0.0794 

100 

30 

'  7.60 

0.0528 

66.7 

0*0099 

65 

5.55 

0.0387 

48.7 

0.0111 

90 

4.92 

0.0342 

43.0 

0.0094 

160 

'  2,15 

1 

0.0149 

18.8 

j0.0105 

_ 

t 

Average  K  =  0.010 

TABLE  3 


TABLE  2 


Hydration  of  t  rimetaphosphate  in  alkaline  medium 
at  a  t  emperature  of  75’ 


Time 
(in  min.) 

0.0426 

N-KOH 

(ml) 

Normality  | 
(N)  of  1 

sample  sol.; 

Percentage  of 

remaining 

phosphate 

Rate 

constant 

1  ! 

2 

3 

4 

5 

0  1 

- 

0.0822 

100.0 

— 

17 

6.2 

1  0.0540 

65.0 

0.024 

45  ' 

4.4 

0.0375  ' 

;  45.5 

0.017 

98 

3.5 

1  0.0300 

1  36.0 

0.015 

90 

'  2.25 

1  0.0192 

1  23.5 

0.016 

0 

;  - 

1  0.079 

1  100.0 

- 

10 

;  8.0 

0.067 

!  76.0 

0.017 

30 

!  5.0 

J 

1  0.426 

1 

1  54.0 

1 

1  _ 

0.020 

i 

i 

i 

1 

Average  K  =  0.022 

TABLE  4 


Hydration  of  trimeta phosphate  in  alkaline  medium  Hydration  of  trimetaphosphate  in  alkaline  medium 
at  a  t  emperature  of  85’  at  a  t  emperature  of  90’ 


Time 
(in  min.) 

0.0347 

N-KOH 

(ml) 

Normality 
(N)  of 
sample 
sol. 

Percentage 
of  remain¬ 
ing  phos¬ 
phate 

Rate 

constant 

Time 
(in  min.) 

0.0347 

N-KOH 

(ml) 

Normality 
(N)  of 
sample 
sol. 

Percentage  of 

remaining 

phosphate 

Rate 

constant 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

0 

- 

0.0788 

100.0 

- 

0 

— 

0.0788 

100.0 

- 

6 

8.20 

0.0570 

73.0 

0.054 

5 

4.7 

0.0326 

42.0 

- 

22 

4.60 

0.0320 

41.0 

0.042 

18 

2.9 

0.0199 

25.3 

0.078 

37 

2.60 

0.0180 

26.0 

0.040 

48 

0.7 

0.0049 

6.2 

0.077 

65 

1.20 

0.0084 

11.0 

0.038 

53 

0.2 

0.0014 

1.8 

0.076 

i 

Average  K  = 

0.042 

Average  K  = 

0.077 

Experimental  Results 

The  results  of  experiments  on  the  hydration  of  trimetaphosi^ate-  and  tetrameta  phosphate -ions,  in  alkaline 
and  acid  media,  at  various  temperatures,  are  compiled  in  the  following  tables  and  graphs  shown  below.  In  graph  1 
of  the  tables,  the  time  of  taking  of  sample  from  the  start  of  the  reaction  is  indicated.  In  graph  2  is  indicated  the 
number  of  milliliters  of  alkali  used  for  titration  of  the  hydronium  ions  released  upon  precipitation  of  the  phosphate 
ions  by  silver  ions  in  5  ml  of  solution.  The  concentration  of  phosphate  ion  is  expressed  by  the  normality  of  the 
solution  and  is  quoted  in  grai^  3. 
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In  graph  4  is  given  the  percentage  of  non-hydrated  m-phosphate  remaining  at  the  moment  of  sampling. 

In  graph  5  are  quoted  the  rate  constants  for  a  given  temperature  and  the  average  speed  is  deduced. 

The  concentration  changes  of  m-phosphate  with  time  are  pictured  in  Figs-l,  3  and  5,  where  a  curve 
corresponds  for  each  temperature.  On  the  abscissa  axis,  time  is  marked  (in  minutes),  and  on  the  ordinate 
axis  -  the  percentage  of  nonhydrated  metaphosphate  ion  remaining. 


L  The  hydration  reaction  of  trimeta phosphate  in  alkaline  solution  was  studied  at  temperatures  of  65,  75, 
85  and  90*.  The  alkalinity  of  the  solutions  was  about  0.1  normal.  25  ml  of  the  solution  was  taken  for  reaction. 

The  results  of  the  experiments,  and  the  calculated  rate  constants,  are  cited  in  Tablesl,  2,  3  and  4. 

The  monomole cularity  of  the  trimetaphosphate  hydration  reaction  was  examined  by  means  of  the  curves 
of  Fig.  1.  Good  agreement  for  halHife  periods  found  graphically,  with  half-life  periods  calculated  according  to 

the  formula:  ti  =  ^  ,  quoted  in  Table  5,  was  obtained. 

r  K 

TABLE  5 


Half-life  period  for  the  trimetaphosphate  ion  in  alkaline 
medium  \ 


Fig.  1.  Hydration  reaction  of  trimeuphosphate 
in  alkaline  medium.  1  -  at  65*;  2  -  at  75*;  3  - 
at  85*;'4  -  at  90*. 


Temp. 

Rate 

log  2 

Half-life  period  in  minutes 

CO 

1 

Constant 

K 

Calculated  j  Found  by 
theoretically  I  curves 

65  { 

0.010 

0.693 

0.010 

69.3  1  65 

! 

j  0.022 

0.693  ! 

0.022 

34.6  1  38 

1 

■  ! 

85 

0.042 

0.693 

0.042 

18.0  1  17 

1 

90 

0.077 

1  0.693 

j  0.077 

i  8.0  j  7 

1  1 

TABLE  6 

Relation  of  rate  constant  for  the 
trimetaphosphate  hydration  reaction 
in  alkaline  medium  to  the  t  emperature 


T  =  t  +  273* 

T 

K 

log  K 

1 

2 

3 

4 

338 

295 

0.010 

-2.000 

348 

287 

0.022 

-1.660 

358 

280 

0.042 

-1.370 

363 

275 

0.077 

-1.120 

Moreover,  to  confirm  the 
monomole  cularity  of  the  hydra¬ 
tion  reaction,  the  dependence 
of  the  rate  constant  upon  tern- 
perature  is  graphically  demon¬ 
strated  inFig.2,  where  the 
lecipxocal  of  tlie  absolute 
temperature  is  indicated  on 
the  abscissa  axis,  and  the 
logarithm  of  the  rate  con¬ 
stant  on  the  ordinate  axis 
The  figures  required  for 
constructing  the  giaph  of 
temperature  dependence 
of  the  rate  constant,  for 


V-6}- 


-m 


^i.2 


the  hydration  reaction  of  tiimetaphosphate  in  alkaline  medium,  are  cited 
in  '&ble  6. 

The  straight  line  produced  Indicates  that  the  constants  found  from 
experiment  are  correct,  since  the  points  corresponding  to  their  values  are 
well  arranged  on  the  straight  line. 

Using  the  rate  constants  for  various  temperatures,  according  to 
RT  T  K* 

the  formula  E  =  '  2.303  log  ^  ,  the  activation  energy  for  the 

Tj  Tj  Ki 


2^  m 


28S  295 


Fig.  2.  Relation  of  rate 
c  onstant  for  the  t'rimetaphos- 
phate  hydration  reaction  in 
4kaline  rtedium  to  the 
temperature 


1966 


TABLE  7 


TABLE  8 


Hydration  of  ietrametaphosphate  inr.alkaline  rdedium  at  Hydration  of  fetrametaphosphate  in  alkaline  niedium  at 
a  temperature  of  75*  a  temperature  of  85* 


Time  '  0.0434  ' 
(in  min.)  N-KOH 
(ml) 

Normality  Percentage 
of  die  of  Tjemain- 

sample  ing  {lios-  j 

solution  phate 

Rate 

c:onstant 

Time  0.0434  Normality 

(in  min.)  N-KOH  of  samiTe 
(ml)  solution 

1  Percentage 
of  se- 

1 

maining 

idiosphate 

Rate 

constant 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

0 

- 

0.0478 

100.0 

— 

0 

— 

0.0478 

100.0 

— 

70 

4.85 

0.0423 

88 

0.0016 

80 

4.40 

0.0384 

80.5 

0.0027 

105 

4,5 

0.0390 

82 

0.0018 

120 

3.83 

0.0334 

69.0 

0.0030 

145 

4.15 

0.0362 

76 

0.0018 

220 

'  2.86 

0.0248 

52.0 

0.0029 

215 

4.1 

0.0350 

73 

0.0014 

240 

2.75 

0.0238 

50.0 

0.0029 

315 

j 

0.0336 

,0 

0.0011 

300 

2.50 

0.0216 

45.0 

0.0026 

1 

Average  K  = 

0.0015 

1 

1 

i 

1  Average  K 

=0.0029 

TABLE  9 

TABLE  10 

Hydration  of  t'etrametaphosphate  in  alkaline  roedium 

Hydration  of  t'etrametaphosphate  in  alkaline  medium 

at  a  t  emperature  of  90* 

at  a 

temperature  of  95* 

Time 

0.0584 

Normality  Percentage  j 

Rate 

Time 

0.043 

Normality 

Percentage 

Rate 

(in  min.)  N-KOH 

of  sample  of  remain-  ' 

Constant 

(in  min.)  N-KOH  of  sample 

of  remain- 

Constant 

(ml) 

solution 

ing  Ihos- 

(ml) 

solution 

ing  Phos- 

phate 

phate 

1 

2 

3 

4 

5 

1 

2 

3 

.  4 

5 

0 

7.7 

0.0900 

TOO 

— 

0 

— 

0.0478 

100 

— 

55 

6.0 

0.0705 

'  78 

0.0048 

60 

3.0 

0.0261 

55.0 

0,010 

85 

5.3 

0.0601 

67 

0.0047 

127 

1.5 

0.0126 

26.5 

0.010 

140 

4.0 

10.0464 

53 

0.0048 

187 

0.83 

0.0072 

.  15.2 

0.010 

180 

3.15 

,0.0370 

41 

0.0048 

240 

0.42 

0.0036 

7.6 

0.010 

1 

I 

Average  K  = 

0.0048 

Average  K 

=0.010 

TABLE  11 

Hydration  of  t'etrametaphosphate  in  alkaline  rredium 

100 

at  a  temperature  of  100* 

SO 

Time 

0.0434  ’ 

Normality  Percentage  1 

Rate 

■ 

- - * 

-« — / 

(in  min.)  N-KOH 

of  sample  of  emain-' 

onstant 

60 

(ml)  ‘  s  olution 

ing  phos-  ‘ 

phate 

4f0 

0 

- 

0.0975 

100 

— 

JO 

- 

5- 

18 

8.3 

0.0710 

,  73 

0.016 

1  ■  ‘  ^ 

.  1 

60 

3.6 

0.0410 

'  42  i 

0.015 

0 

#0  so 

00  ISO 

200  SO 

3a 

90 

;3.i 

0.0268 

127  ! 

0.016 

i ,  Uf  Ct'jJ 

j - ' -  Fig.  3.  Hydration  reaction  of  t  etrametaphosphate  in 

{Average  K  =  0.016  alkaline  nsedium.  l.at  75*:  2.  at  85*;  at  90*; 

4.  at  95*:  5.  at  100*. 


trimetaphosphate  hydration  reaction  in  alkaline  medium  was  calculated,  the  average  value  of  which  is  equal  to 
20,000  calories. 

II.  The  tetrameta  phosphate -ion  hydration  reaction  in  alkaline  medium  was  carried  out  at  temperatures 
of  75,85,90,95  and  100*  in  a  manner  similar  to  that  described  for  die  reactions  widi  tremetaphosphate.  The 
alkalinity  of  the  solutions  was  approximately  0.1  N. 
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TABLE  12 


HalHife  periods  of  the  tetrametaphosi^ate  in 
alkaline  ihedium 


Temp  ('C) 

log  2 

Half-life  period  in  minutes 

K 

Calculated 

Found  by  the 

theoretically 

curves 

75 

0.693 

0.0015 

560 

- 

85 

0.693 

0.0029 

240 

240 

90 

0.693 

0.0048 

145 

143 

95 

0.693 

0.010 

70 

80 

100 

0.693 

0.016 

43 

43 

TABLE  13 


Dependence  of  rate  constant  for  the  tetra- 
metaidiosphate  hydration  reaction  in 
alkaline  nedium  to  the  temperature 


T  =  t  +273* 

•l-io' 

K 

log  K 

348 

287 

0.0015 

-2.903 

358 

279 

0.0029 

-2.637 

363 

276 

0.0048 

-2.320 

368 

272 

0.010 

-1.993 

373 

268 

0.0160 

-1.793 

25  ml  of  solution 
was  taken  for  reaction. 

Results  of  the 
experiments  are  quoted  in 
tables  7,8,9,10  and  11,  and 
in  the  curves  of  Eig3, 
where  a  curve  corresponds 
to  each  temperature. 

Examination  of 
the  monomolecularity 
of  the  tetrametaphos- 
phate  hydration  reaction 
in  alkaline  medium  has* 
demonstrated  a  satis¬ 
factory  conformity  of 
die  half-life  period 
values,  found  graphically 
by  the  curves  in  ig.  3, 
and  calculated  theoreti¬ 
cally  according  to  the 

formula  , 

the  values ‘of  which  are 
quoted  ir  Table  12. 


'constant  for  the  tetrameta- 
phosphate  hydration  reaction 
in  alkaline  nedium  to  the 
t  emperature. 


In  Table  13  are  quoted  figures  for  the  structure  of  Fig. 4, 
showing  the  relation  of  the  rate  constant  to  temperature. 


The  resulting  straight  line  indicates  that  the  constants 
found  are  accurate,  because  the  points  corresponding  to  their 
values  lie  on  a  straight  line. 

Utilizing  the  rate  constants  foupd  at  different  tempera¬ 
tures,  the  activation  energy  of  the  teaametaphosphate  hydra¬ 
tion  reaction  in  alkaline  medium  was  calculated  to  be  equal, 
on  the  average,  to  26,000  cal. 


TABLE  14 


Hydration  of  tetrametaphosphate  in  a  cid 
nedium  at  a  temperature  of  60* 


Time  0.0417 

(in  min.)  N-KOH 

_ i  (ml) _ 

Normality 
of  sample 
solution 

'  Percentage 
of  remaining 
m-i^osphate 

Rate 

constant 

0 

'  10.2 

0.0850 

100.0 

25 

10.0 

0.0834 

98.0 

0.00093 

45 

7.8 

0.0793 

90.0 

0.0018 

90 

00 

• 

0.0695 

82.0 

0.0018 

150 

11.8*  • 

0.0654 

76.5 

0.00178 

1 

Average  K  = 

0.0018 

*  10  ml  taken  for  analysis 
••  15  ml  taken  for  analysis 
••*  10  ml  taken  for  analysis 


TABLE  15 


Hydration  of  t  etrametaphosphate  in  acid  ntdium  at 
a  temperature  of  65* 


Time 
(in  min.) 

0.0474 

N-KOH 

(ml) 

Normality 

of  sample 
solution 

Rate 

onstar 

0 

7.8 

0.0740 

100 

— 

25 

6.8 

0.0645 

87 

0.0056 

100 

4.6 

0.0438 

59 

0.0055 

165 

5.0*** 

0.0304 

45 

0.0054 

Average  K  = 

0.0055 

1968 


TABLE  16 


TABLE  17  • 


Hydration  of  t'etiametaphosphate  in  acid  medium 
at  a  t  emperature  of  75* 


Hydration  of  teuameta phosphate  in  acid  '  iedium  at 
a  t  emperature  of  85* 


Time 
(in  min.) 

0.0417 

N-NaOH 
.  CPi^)  ^ 

Normality  ' 
of  sample 
s  olution 

Percentage 
of  remaining 
n] -phosphate 

Rate 

constant 

0 

9.9 

0.105 

100 

— 

10 

9.7 

0.0940 

89.0 

0.0115 

30 

8.7 

0.0725 

67.5 

0.0130 

40 

7.8 

0.0650 

62.0 

0.0120 

55 

6.5 

0.0523 

49.5 

0.0120 

75 

5.5 

0.0458 

43.5 

0,0111 V 

.  \ 

1 

Average  K  = 

0.012  ^ 

Time  I  0.0417  1 
(in  min.)  '■  N-NaOHi 
I  (nil)  ' 

Normality 
of  sample  ! 
solution  • 

Percentage 
of  Remaining 
nf-iyhosphate 

0 

i  10.2 

0.0850 

100.0 

— 

20 

i  5  I 

0.0417 

49.0 

0.035 

32 

3.3 

0.0275 

32.4 

0.035 

50 

1.9 

,0.0158 

18.6 

0.034 

1 

Average  K  = 

0.034 

TABLE  18 


Semidecomposition  periods  of  t’etrametai^osphate 
in  a  ;ii’’  medium 


Fig.  5.  Hydration  r  eaction  of  tetrametaphos];±iate 
in  acid  medium 

1.  at  ■go*:  2;  at  65*;  3.  at  75*:  4.  at  85*. 


Temp.  CC) 

log  2  1 

Half-life  period  (in  min.) 

K 

Calculated 

Found  from 

.  theoretically 

curves 

60 

0.693 

0.0018 

385 

- 

65 

0.693 

0.0055 

128 

140.0 

75 

0.693 

0.012 

57.7 

57.5 

85 

0.693 

0.035 

19.8 

20.0 

Fig.  6.  Dependence  of  rate  constant, 
for  the  hydration  reaction  of  tetra- 
'  metaphosphate  in  atid  mediunf  u'pon 
temperature 


in.  The  hydration  reaction 
for  the  tetrametaphosi^ate 
ion  in  acid  medium  was 
carried  out  in  the  same 
manner  as  described  above. 
The  acidity  of  the  medium 
was  apix:oximately  0.15  N. 
30  ml  of  solution  was  taken 
for  reaction. 

Results  of  the  experi¬ 
ments  conducted  in  acid 
medium,  at  temperatures 
of  60,65,75  and  85*,  are 
compiled  in  tables  14,15, 
16,17,  and  are  gra ideally 
represented  by  the  curves 
in  Fig.  5. 


TABLE  19 

Tempaature  dependence  of  rate 
constant  for  the  h  ydration  r  eaction 
of  t  etrametaphosphate  in  acid 
msdium 


T=t  +273“ 

i-10^ 

_T _ 

K 

log  K 

358 

28.0 

0.0018 

-1.46 

348 

.  28.7 

0.0055 

-1.92 

338 

i  29.5 

0.0120 

-2.26 

333 

,  30.0 

0.0340 

-2.75 

The  theoretically  calculated  half^ife  periods  for  tetrametaphespbate-ion  in  acid  medium  at  various  temp¬ 
eratures,  which  are  quoted  in  Hble  18,  have  shown  good  agreement  with  the  half-life  periods  found  from  the  curves 
of  Fig.  5. 
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To  confirm  die  monomolecularity  of  the  tetrametaphosphate  hydration  reaction  in  acid  medium,  the 
dependence  of  the  rate  constants  upon  temperature  in  acid  medium  has  been  graphically  demonstrated  (pig. 6). 

The  numerical  data  for  construction  Of  pig.  6  are  quoted  in  Table  19. 

The  activation  energy  for  the  hydration  reaction  of  tetrametaphosphate  in  acid  medium  was  calculated, 
utilizing  the  values  for  the  rate  constants  at  various  temperatures,  according  to  the  formula 

E  =  2.303  log  , 

T*  ,Ti  Kj 

the  average  value  for  which  is  25,300  cal. 

SUMMARY 

1.  In  order  to  confirm  the  theory  of  Yu.  V.  Khodakov  about  the  hydration  of  phosphoric  anhydride  and 
phosphoric  acids,  the  hydration  reaction  rates  for  trimeta-  and  tetrametaphosphate-ions  were  studied  in  alkaline 
and  in  acid  media,  at  various  temperatures,  and  from  the  experimental  data  the  rate  constants  of  these  reactions 
were  calculated. 

Por  the  hydration  of  trimetaphosphate  in  alkaline  medium  the  constants  are  equal  to:  Kgg*  =  0.010: 

K„*  =  0.022;  K**  =  0.042;  K««  =  0.077. 

Por  the  hydration  of  tetrametai^sphate  in  alkaline  medium  the  constants  are  equal  to:  K-n*  =  0.0015; 

K»*  =  0.0029;  K*,*  =  0.0048:  =  0.010;  K^m*  =  0-016. 

Por  the  hydration  of  tetrametaj^osi^ate  in  acid  medium  the  constants  are  equal  to :  Km*  =  0.0018; 

=  0.0055:  =  0.012:  =  0.034. 

2.  The  half-life  periods  of  trimeu-  and  tetrameuphosphates  at  various  temperatures,  in  acid  and  in 

alkaline  media,  were  calculated  according  to  the  formula  log  2 

’■‘Z,  =—  • 

3.  A  comparison  of  the  rate  constants,  as  well  as  the  half-life  periods  for  the  trimeu-  and  the  tetra- 
metaphosphates,  under  the  same  conditions  (t*  and  pH),  confirmed  the  fact  that  the  trimeuphosphate  hydration 
reaction  goes  approximately  16  times  faster  than  the  tetrameuphosphate  hydration  reaction. 

4.  A  comparison  of  the  rate  consunts  for  the  hydration  reaction  of  tetrameuphosphate  in  alkaline  and 
in  acid  media  has  indicated  that,  in  acid  medium,  the  reaction  goes  apixoximately  12  times  faster  than  in 
alkaline  medium  for  the  same  normality  of  the  solutions. 

5.  The  following  were  calculated  from  the  experimental  data: 

1)  The  activation  energy  for  the  trimeuphosphate  hydration  reaction  in  alkaline  medium: 

E  =  20,000  cal.; 

2)  the  activation  energy  of  tetrameuphosphate  in  alkaline  medium:  E  =  26,000  cal.; 

3}  the  activation  energy  of  tetrametaphosphate  in  acid  medium:  E  =  25,300  cal. 

6.  As  a  result  of  the  comparison  of  the  activation  energy  values  for  the  trimeu-  and  tetrametaji^osphate 
at  various  pH's,  it  was  determined  that  the  activation  energy  for  the  given  meuphosphate  is  approximately  of 
one  and  the  same  order. 

7.  The  suble  value  of  the  consunts  for  various  moments  of  time  indicates  that  the  hydration  reactions  of 
the  trimeta-  and  the  tetrameu-phosphates,  in  alkaline  as  well  as  acid  medium,  are  found  to  be  of  the  first  order. 
Moreover,  the  half-life  period  of  the  trimeu-  and  tetrameta^osphates  does  not  depend  upon  the  initial  concentra¬ 
tion,  which  also  confirms  the  monomolecularity  of  the  hydration  reaction  for  trimeta-  and  tetrameu -phosphate, 
both  in  alkaline  and  in  acid  media. 

8.  The  dependence  of  the  hy  ration  reaction  rate  of  trimeu-  and  tetrameu-phosphates  upon  temperature 
was  found,  which  is  graphically  represented  by  a  straight  line. 

In  conclusion  the  author  wishes  to  express  his  great  indebtedness  to  Professor  Yu.  V.  Khodakov  for  the 
interesting  theme  isoposed  and  for  the  series  of  valuable  directions  in  the  work. 
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POLAROGRAPHIC  ANALYSIS  OF  CADMIUM  IODIDE  COMPLEXES 


IN  WATER-ALCOHOL  SOLVENT 

A.L.Markman  and  Ya.I.Tuiyan 


In  the  preceding  paper  [1]  it  was  demonstrated  that  the  half-wave  potential  both  of  the  simple  and  of  the 
complex  ions  of  cadmium,  lead  and  thallium  change  in  water-alcohol  solvent  with  variation  in  the  alcohol  content. 

A  particularly  strong  displacement  of  the  half-wave  potential  was  observed  for  cadmium  in  Kl.  Simultaneously  with 
increase  in  ethanol  content,  the  half-wave  potential  was  displaced  toward  the  negative  values,  which,  as  was  explained 
by  the  authors  in  the  same  article,  is  the  result  of  a  considerable  decrease  for  the  dissociation  consunt  of  the  complex 
cadmium  ion,  in  proportion  to  the  addition  of  alcohol. 

The  present  work  is  concerned  wiA  the  determination  of  the  composition  of  the  iodide  complexes  of  cad¬ 
mium,  and  their  dissociation  consunts  in  water-alcohol  solvent  of  varied  alcohol  content.  As  far  as  is  known,  the 
given  problem  has  not  been  discussed  at  all  thoroughly  in  the  literature.  It  should  be  noted  that  in  general  the  effect 
of  the  anhydrous  solvent  upon  the  composition  and  the  dissociation  constant  of  the  complex  ion  has  hardly  been  stud¬ 
ied.  At  the  same  time  there  is  no  reflection  to  be  cast  upon  the  values  of  similar  investigations  from  the  viewpoint  of 
the  theory  of  solutions  and  of  analytical  chemistry. 

The  authors  decided  to  apply  the  polarographic  method  for  determining  in  a  given  solvent  the  content  of 
cadmium  iodide  complexes  and  their  dissociation  constants,  based  upon  the  reversibility  of  the  reaction  of  electro¬ 
reduction  of  cadmium  at  the  dropping  mercury  electrode  from  water— alcohol  solution,  which  was  determined  by  the 
authors  [1].  The  polarographic  behavior  of  cadmium  iodide  complexes  in  aqueous  solution  has  been  studied  in  detail 
by  Stromberg  and  Bykov  [2]. 


EXPERIMENTAL 


The  iodide  complexes  of  cadmium  were  investigated  in  20,  45  and  Qffijo  (by  volume)  ethanol.  The  initial 
solutions  contained  I-IO^  M  Cd(NOj)j  and  KI;  the  concentration  of  the  latter  was  changing  from  0.1  to  0.9  M  (by 
0.2  units).  In  addition,  gelatin  (0,01!7o)was  added  to  all  solutions  for  depression  of  the  maxima.  The  temperamre  for 
the  measurements  was  25  +0.2*.  The  characteristic  of  the  capillary  was:  m^r^  =  1.50  mg^s  sec."^  (at  0.8-0.9  V, 
relative  to  the  calomel- saturated  electrode).  This  characteristic  was  practically  independent  of  the  alcohol  content 
in  dre  solution.  A  more  detailed  method  of  experimental  procedure  is  described  in  the  preceding  work  [1]. 

The  results  obtained  for  cadmium  polarography  in  water-alcohol  solvent,  with  variable  concentrations  of  KI 
and  of  alcohol,  are  represented  in  Table  1  (diffusion  cunents)  and  in  Table  2  (half-wave  potentials  relative  to  the 
calomel- saturated  electrode). 


TABLE  1  TABLE  2 

Diffusion  cunent  in  microamperes  Half-wave  potentials  (in  V) 


£ 

U 

i  Concentration  of  KI  (moles/  liter) 

C,l%OH 

Cone  entration  of  KI  (moles/  liter) 

1  0.9 

0.1 

1 

!  0.3 

0.5 

'  0,7  i 

0.9 

0.1 

0.3  0.5 

1  0.7 

! 

20 

5.05 

1 

5.02 

^  5.08 

1 

i  5.12 

5.08 

20 

-0.647 

i  ' 

1  -0.698  1-0.729 

-0.747 

-0.763 

45 

4.09 

4.16 

:  4.29 

4.32 

4.46 

45 

-0.673 

i  -0.725  -0.751 

-0.764 

-0.784 

65 

4.07 

4.09 

I  4.22 

4.26 

1 

4.46 

65 

-a.  705 

:  -0.750  1-0.777 

-0.794 

-0.815 

The  half-^ave  potentials  were  found  on  the  graph  (the  potential  being  a  function  of  log  —  after  cor- 
rectrons  were  made  for  the  ohm  resistance  of  the  electrolyte  and  for  the  non-standard  potential  of  the  calomel- 
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saturated  electrode  [1].  An  example  of  such  a  graj^  is 
represented  for  45^  alcohol  in  Figure  1.  The  angular 
coefficients  of  the  straight  lines  (Figure  1)  are  equal  to 
0.030  for  all  concentrations  of  KI,  which  attest  to  the 
reversibility,  of  the  electroreduction  process,  foi  the 
valence  of  the  metallic  ion,  n  =  2 . 

Based  upon  die  work  of  A.  L  Brodsky  [3],  the 
authors  disregarded  the  very  insignificant  effect  of 
diffusion  potenti^als  upon  measurements  of  the  mag¬ 
nitude  of  the  half-wave  potentials. 

The  coordination  numbers  of  the  complex  ions 
were  found  according  to  the  following  equation  [4]: 

_  0.059 

dlogCxfx 

where  **  half-wave  potential  of  the  com¬ 

plex  ion,  Cx  and  fx,  correspondingly  the  concentra¬ 
tion  and  the  coefficient  of  the  complexing  agent 
activity,  p  is  the  coordination  number  of  the  com¬ 
plex  ion,  and  n  is  the  valence  of  the  metallic  ion. 


Fig.  1.  Determination  of  the  half-wave  potential 

,  .....  ,  of  cadmium  in  water— alcohol  solution  of  KI. 

It  should  be  noted  that  derivation  of  Equauon  ,  Aizai  i 

,,  „  .  Alcohol  concentrauon  45‘^(by  vol.).  KI  concen- 

(1)  allows:  first,  mvariability  of  the  value  of  the  act-  ,  ^ 

.  .  ,  .  ,  . tration:  h  0-1  M;  2)  0.3  M;  a  0.5  M;  4)0.7M: 

ivity  coefficient  for  the  complex  ion  (f^^)  widi  variation  Si  0  9  M 

in  the  concentration  of  the  complexing  agent  (Cx).  ^ 

which  does  not  correspond  to  reality,  and  secondly, 

invariability  of  the  diffusion  current  constant  (k^)  with  variation  in  the  concentration  of  the  complexing  agent  (Cx)i 
which  is  occasionally  not  maintained  in  practice.  For  example,  in  our  experiments  at  alcohol  contents  of 
45^  and  of  655>,  the  diffusion  current  somehow  was  increasing  with  an  increase  in  KI  concentration  (Table  1),  in 
accordance  with  the  diffusion  current  constant.  Nevertheless,  disregarding  the  minor  variations  of  f^  and  k^.  with 
change  in  Cx  in  the  derivation  of  Equation  (1),  the  authors  do  not  include  the  error  in  determination  of  the  coordin¬ 
ation  number,  p,  as  already  noted  by  Stromberg  and  Bykov  [2],  since  the  latter  is  a  whole  number,  which  allows  for 
rounding  off  the  calculation  result.  For  the  same  reason  Kolthof  and  Lingane  [4]  recommend,  without  detriment  to 
the  accuracy  of  the  calculation,  substitution  for  the  complexing  agent  activity  (Cx^x)*  value  of  the  complexing 
agent  concentration  (Cx)  in  Equation  (1).  In  our  calculations  of  the  coordination  number  according  to  Equation  (1), 
the  activity  of  the  complexing  agent  (KI)  in  aqueous  solution  [5]  was  used  instead  of  the  activity  of  the  complexing 
agent  (Cxfx)  hi  water— alcohol  solution. 

TABLE  3 

The  value  of  the  derivative  — — -7-r-  in  Equation  (1)  is  shown  grai^ically 


The  value  of  the  derivative  — — -7-^  in  Equation  (1)  is  shown  grai^ically 

^  *  *  Half-wave  potentials  and 

from  Figure  2.  On  die  ordinate  axis  are  placed  the  half-wave  potentials  (itix),-.  ,  ,  ,  . 

r  X  ^  ^  the  values  of  diffusion 

(Table  2),  and  on  the  abscissa  the  logaridim  of  the  complexing  agent  activity.  .  ^  ^ 

.  .  t  r-  n  r  1  1.  uf  1-  current  I’lO^  M  Cd(NOa)| 

As  can  be  seen  from  Figure  2,  for  all  three  solvents,  the  sought-for  correlation  ,  ^  , 

in  Wetter  ^^Iconol  solu* 

(’fiiu)r  depending  upon  the  log  Cyfv  is  represented  by  a  straight  line,  which  indi-  ,  ^  _ 

7»  Xu  .  U4U.  f.u  ••  r  u  11  •  u-  u  •  j  tions  of  0. 1  mm  NHUNOj 

cates  the  stability  of  the  composition  of  the  complex  ion  within  the  investigated  _ * 

interval  of  complexing  agent  concentration.  On  the  basis  of  the  angular  coeffic-  (ir].)^  (ij)s 

<k’rVi)C  (cal) 

ients  of  the  straight  lines  — — ---7-  obuined  from  Figure  2,  the  corresponding  ^ 

dlogCx^x  0  •  20  -0.571  4.62 

coordination  numbers  were  calculated  according  to  Equation  (1),  which  ivoved  to  45  —0.560  3.83 

be  the  same:  the  same  coordination  number  is  obtained  for  all  solutions:  p  =  4,  65  —  0.549  3.53 

_ 

Taking  into  account  the  above-noted  reversibility  of  the  electroreduction  process,  the  variation  in  diffusion  current 
flow  with  variation  in  KI  concentration  can  be  explained  in  the  given  case  by  the  variability  of  the  diffusion 
coefficient  for  the  complex  ion. 


X 

0 

(Ou), 

(id)« 

(% 

{V 

(cal.) 

20 

-0.571 

4.62 

45 

-0.560 

3.83 

65 

-0.549 

3.53 
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and  consequently  the  composition  of  the  complex  ion  i‘-: 

[Cd^j]*  ,  According  to  the  data  of  Stromberg  and  Bykov  [2], 
the  same  composition  for  the  cadmium  complex  ion  was 
observed  in  aqueous  solutions  of  KI.  Thus,  the  authors  have 
come  to  the  conclusion  that  substitution  of  water  for  water  - 
alcohol  does  not  affect  the  composition  of  cadmium  iodide 
complex. 

The  calculated  constants  for  the  dissociation  of  the 
complex  ion  [Cdll^T*'  were  derived  from  the  equation  quoted 
from  Kolthof  an  ’  Lin^and  [4]: 

0.059,  0.059  fs*^C  0.059  .  ,  ^  ^ 

Kc - Fr~lo8f?^“~ir-PlogCxfx  '^70 


-am 


(2) 


where  of  the  new  values:  is  the  half-wave  potential 

of  the  simple  metallic  ion;  is  the  dissociation  constant 
for  the  complex  ion:  kj.  and  kj  are  the  diffusion  current 
conslanu,  respectively,  of  the  complex  and  of  the  simple 
metal  ion;  f^  and  fg  are  the  activity  coefficients,  respect¬ 
ively,  of  the  complex  and  of  the  simple  metal  ion. 


-0^5 


Fig.  2.  Potentials  of  cadmium  half-wave  in 
water— alcohol  solution,  depending  upon  the 
log  of  the  KI  activity.  1)  65^  CH1H5OH; 

2)  45<yo  CjHjOH;  3)  20<7o  CjHjOH. 


In  the  preceding  article  [1],  it  was  indicated  that  in 
water -alcohol  solutions  of  KN05(NH4N03)  cadmium  does  not 

form  complex,  ions  with  the  neutral  electrolyte.  Thus,  polarogiaphy  of  cadmium  in  given  solutions  offers  the 
possibility  of  obtaining  values  of  (it ^>5  ^^d  kg,  which  are  essential  for  calculating  the  dissociation  constant  of  the 
complex  ion  (K^-)  according  to  Equation  (2).  We  have  utilized  the  values  obtained  by  us  [1]  for  0.1  M  NH4NO3. 
Their  values  are  quoted  in  Table  3  (instead  of  kg  in  Table  3,  the  proportional  ks  values  of  the  diffusion  current 
(ijj)g  are  contairied).  The  values  and  k^-  were  also  taken  for  0.1  M  KI  concentration  (Tables  1  and  2). 

kc  (y)c  (icl)c 

Because  of  ■  ,  then  instead  of  calculations  were  made  for  the  diffusion  currents  .  The  rela- 

fs 

tion  of  the  activity  coefficients-j^  was  taken  as  equal  to  unity,  because  the  charges  of  both  the  simple  and  the 
complex  ions,  and  also  the  ionic  strengths  of  the  solutions,  are  the  same. 


TABLE  4 

Dissociation  constants  of  the  cadmium  complex¬ 
ion  in  water -a  Icohol  solutions  of  KI 


CjHgOHf'yo)  0 

20  !  45 

65 

Kc . 

0.91- lO*'', 3. 3-10"* 

1  1 

0.71-10‘‘® 

For  calculation  of  the  dissociation  constant  for  the 
complex  ion,  the  important  value,  Cxfx»  should  be  calculated 
as  accurately  as  possible.  We  did  not  find  in  the  literature 
any  experimental  data  on  the  determination  of  activity  coef¬ 
ficients  for  KI  in  water -alcohol  solution.  The  values  of  these 
coefficients  (fx)  for  0.1  M  KI  solutions  with  varied  content  of  - 
alcohol  were  calculated  according  to  the  known  formula  of 
Debye- Huckel: 


logfx  = 


250-n|  D'^  \/r 
l+2.06-bi-D’^\/T 


log  fx 


250-ni-D’^  \/r 
1  +2.06-bi-D*vT' 


(3) 


which  is  applicable  for  moderately  concenuated  solutions.  In  this  formula  D  is  the  dielectric  constant  of  the 
solvent  (the  value,  D,  at  various  alcohol  contents,  is  quoted  in  our  previous  work  [1]);  b^  is  the  constant,  which, 
for  KI,  as  comparison  of  the  calculated  and  the  experimental  activity  coefficients  for  KI  in  aqueous  solutions  shows, 
is  equal  to  5  A:  J[is  the  ionic  strength  of  the  solution;  is  the  ionic  valency.  After  substitution  in  Equation  (2)  ot 

the  corresponding  values  (f  yj)s»  "I<^»  2  •  ^x  ^x*  dissociation  constants  of  the  complex  ions  were 

calculated.  The  results  of  these  calculations  are  summarized  in  Table  4.  For  aqueous  solution,  the  value  K^-  was 
taken  from  the  work  of  Stromberg  and  Bykov  [2]. 
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As  can  be  seen  from  Table  4,  with  an  increase  in  alcohol  content  there  occurs  a  sharp  decrease  in  the  dis¬ 
sociation  constant  of  the  complex  ion  [Cdl4]*'.  Thus,  for  65^  alcohol,  the  dissociation  constant  is  approximately 
10-20  thousand  times  smaller  than  die  dissociation  constant  in  aqueous  solution.  It  is  evident  that  the  observed 
decrease  in  dissociation  constant  for  the  complex  ion  is  first  of  all  conelated  with  a  decrease  in  the  dielectric  con- 
sunt  of  the  solvent.  Additional  work  in  this  direction  should  make  it  possible  to  determine  the  qualitative  rela¬ 
tionship  between  the  dissociation  constant  and  the  dielectric  constant  of  the  solvent. 

SUMMARY 

1 .  A  polarographic  determination  of  the  composition  of  the  cadmium  iodide  complexes  and  their  dis¬ 
sociation  constants  in  water— alcohol  solutions  of  Kl,  with  varied  alcohol  content,  was  carried  out. 

2.  It  was  demonstrated  that  the  coordination  number  of  the  complex  ion  does  not  change  with  change  in 
alcohol  content,  but  remains  the  same  as  in  aqueous  solutions. 

3.  It  was  demonstrated  that  the  dissociation  constant  of  the  complex  ion  decreases  sharply  with  an  increase 
in  alcohol  concentration. 
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FORMATION  OF  BASIC  AND  ACID  BISMUTH  CITRATES  UPON  THERMAL  DECOMPOSl* 

TION  OF  AMMONIUM  CITROBISMUTHA  TE 

N.  M.  Turkevich 


The  simplest  bismuth  cittate  CgHsO^Bi  •  H|0  exhibits  acid  pioperties  and  forms  complex  salts  with  alkali 
which  are  soluble  in  water.  Many  authors  [1-4]  have  studied  its  structui'e,  and  have  most  frequently  ascribed  to 
it  a  formula  with  one  or  two  carboxyl  groups  (I),  (H),  (Hf;,  (IV): 


On  the  basis  of  certain  properties  (the  i»resence  of  cooitlinately-bound  water  which  passes  off  very  slowly,  even  at 
105*,  the  easy  replacement  of  this  water  by  ammonia  molecules  with  the  formation  of  ammoniate,  and  others) 
the  author  [5]  assigns  the  structure  of  aquo  compound  (V)  to  bismuth  citrate  —  abbreviated  as  CiBi'OH|,  where 
Ci  denotes  the  citric  acid  residue.  Bismuth  citrate  forms  [6],  upon  solution  in  ammonia,  a  salt  of  the  general 
formulafSNH^OH"  2BiCi  *3HjO)n»  soluble  in  water  without  hydrolysis.  The  determination  of  the  number  n  with 


the  help  of  the  molecular  weight  is  difficult  because  ammonium  citrobismuthate  does  not  dissolve  in  organic 
solvents,  and,  in  water,  is  exposed  not  only  to  electrolytic  dissociation,  but  also  to  partial  de polymerization  (to 
the  point  of  monomers  —  as  regards  the  number  of  bismuth  atoms  in  ±e  ion).  Deduction  can  be  made,  on  the 
assumption  of  various  transformations  of  ammonium  citrobismuthate,  that  ji  is  equal  to  a  minimum  of  2,  and  thus, 
for  simplicity,  we  shall  use  for  it  the  formula  of  the  tetramer  BNHj*  4BiCi  •  12HjO. 


The  monomeric  ammonium  salt  of  the  sttucture  (CiBi*  OH)NH4t  the  anhydride  of  which  the  author  [6]  has 
isolated  in  the  form  of  an  ammoniate,  CiBi  -  NH3,  has  not  been  described  up  to  the  present  time.  There  appear  in 
the  literature  short  notices  about  the  three  basic  or  acid  citrates.  Bismutho-dicitiic  acid  BiCi  *  CiH|  ‘  xH^O  is 
obtained  [7]  by  reaction  of  citric  acid  with  bismuth  nitrate  in  glycerine  medium.  The  basic  citrate  — 

BiCi*  4Bi(OH)3,  is  obtained  [8]  by  heating  an  ammoniacal  solution  of  BiCi,  and  the  salt  Ci(BiO)sNa  is  formed 
[4]  by  dissolving  BiCi  in  a  solution  of  NaOH. 
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The  author  has  found  that  upon  heating  ammonium  cittobismuthate,  not  only  is  water  expelled,  but  also 
ammonia,  and  different  acidic  and  basic  salts  are  formed.  While  boiling  with  benzene,  6  molecules  of  water  are 
expelled  and  an  insignificant  amount  of  ammonia,  with  die  formation  of  6NH|’  4BiCi-  6H|0.  Further  heating  of 
the  sample  dehydrated  in  this  way  at  105*  leads  to  gradual  loss  of  die  ammonia  molecule.  1  mole  of  ammonia  is 
volatilized  within  9  hours,  but  the  product  5NH|’  4BiCi  •  6H|0  remains  soluble  in  "water,  and  1  more  mole  of 
ammonia  and  1  mole  of  water  are  volatilized  during  32  hours,  forming  a  water-insoluble  substance  4NHs  *  4BiCi ' 

'  5H|0.  From  the  aqueous  solution  5NHj  •  4BiCi  •  6HO  barium  chloride  precipitates  monomeric  barium  citrobis- 
muthate  Ba(CiBi  •  OH)*  •  51^0.  The  substance  4NHj'  4BiCi  •  5HfO  hydrolyzes  easily  in  water  and  alkali.  Upon 
reaction  with  water,  there  occurs  formation  of  basic  bismuth  citrate  and  the  ammonium  salt  of  acid  bismuth 
citrate,  according  to  the  equation: 

4NH,  •  4BiCi  •  5H,0  - ►  BiCi  *  BiOOH  +  NHiQH  •  (NHt4),Ci  •  2BiCi  •  21%0. 

Dibismudi -monocitrate  BiCi •  BiOOH  (or  structurally:  HO '  Bi  =  Ci-BiO)  is  entirely  devoid  of  acid 
properties.  With  the  ammomum  and  potassium  citrates  it  forms  water-soluble  complex  salts.  From  an  aqueous 
solution  of  the  ammonium  salt  [NHiltCi-Bi  =  Ci-Bi[OH]-Ci[NH4]|.  representing  the  salt  of  dibismuth-tricitrate, 
alcohol  precipiutes  the  monomeric  ammonium  salt: 

NH4OH  •  (NH4),Ci  •  2BiCi  •  2H,0  - ►  2NH4(CiBi  •  OH)  •  1^0  ♦  (NH4)|HCi, 

difficultly  soluble  in  water. 

The  initial  ammonium  cittobismuthate,  when  heated  at  50*,  loses  2  moles  of  water,  and  upon  further 
heating  at  80*  (for  12  hours)  five  more  moles  of  water,  and  only  an  insignificant  amount  of  ammonia.  Subsequent 
heating  of  the  sample  at  105*  (for  24  hours)  leads  to  volatilization  of  3  more  moles  of  water  and  to  3  moles  of 
ammonia,  widi  the  formation  of  a  water-insoluble  product  of  the  abbreviated  formula  3NH|’  4BiCi  *  2HtO.  The 
basic  citrate  and  the  ammonium  salt  are  formed  upon  water  hydrolysis,  according  to  the  equation: 

3NH,  ‘  4BiCi  •  21^0  +  2H,0  - -  2BiCi  •  BiOOH  +  (NH4)jCi  •  BiCi  •  H,0. 

It  follows  from  a  comparison  of  the  formulas  that  the  two  substances  obtained  are  the  salts  of  the  simplest 
acid  bismuth  citrate  BiCi-CiHg,  i.e.  the  bismutho-dicitric  acid  (structurally:  H|Ci— Bi=  CiH).  The  dibismuth  salt 
of  bismutho-dicitric  acid  HO*  Bi=Ct-Bi=Ci-BiO  is  entirely  devoid  of  acid  properties.  Its  very  great  solubility  in 
solutions  of  Seignette's  salt  excludes  the  possibility  of  the  i»esence  of  bismuth  hydroxide,  or  the  ammoniate  of 
bismuth  citrate,  in  die  form  of  impurities.  The  ammonium  salt  of  bismutho-dicitric  acid  can  be  represented 
structurally  by  the  abbreviation:  (Nl^Cir-Bi=CiNH4- 

Further  heating  of  ammonium  cittobismuthate  at  130*  leads  to  volatilization  of  1  more  mole  of  ammonia. 
Upon  hydrolysis  of  the  obtained  product  by  water,  there  is  obtained  more  than  88<)b  dibismudi  salt  of  bismutho- 
dicitric  acid. 

The  basic  bismudi  citrates  (dibismuth-monocitrate  and  tribismuth-dicitrate)  are  obuined  by  thermal 
decomposition  of  ammonium  citrobismuthate:  they  possess  a  high  degree  of  purity,  and  only  in  rare  cases  is 
contamination  by  ammoniates  (up  to  0.^  N). 

EXPERIMENTAL 

Elimination  of  1  Mole  of  Ammonia  from  Ammonium  Citrobismuthate.  10  g  of  ammonium  citrobismuthate 
was  boiled  with  benzene  for  18  hours,  and  the  volume  of  water  distilled  off  was  determined  by  a  volumetric  proce¬ 
dure,  according  to  the  mediod  of  Diene  and  Stark.  The  volume  of  water  measured  —  0.54  ml  —corresponded  to  the 
loss  of  6  moles  of  HgO  (5.4^  water  instead  of  the  theoretical  5.66^), 

303.4  mg  substance:  9.9  ml  0.1  N  HCl.  Found  N  4.57.  6NH,-  4BiCi *  6H^.  Calculated  ‘jt:  N  4.66. 

The  dehydrated  substance  was  soluble  in  water  and  in  ammonia  solutions.  12  g  of  the  dehydrated  sample 
was  further  heated  for  9  hours  at  105*  to  the  elimination  of  1  mole  of  ammonia.  The  heating  time  was  determined 
in  a  preliminary  way  on  a  small  quantity  of  the  sample.  A  slight  yellowing  of  the  sample  was  observed  during  the 
process. 

266.8  mgsubsunce:  7.2  ml  0.1  N  HCl.  Found  N  3.78.  5NH,*  4BiCi  •  61^0.  Calculated  N  3.92. 

Barium  Citrobismuthate.  9.38  g  of  the  latter  sample  was  mixed  with  100  ml  of  water  and  then  heated  to 
boiling.  The  sample  dissolved  almost  completely,  but  very  slowly.  The  insoluble  sediment  (0.12  g  — 1.3®;b)  was 
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centrifuged  off  and  wasf  ed  with  watei,  and  it  represented  (on  ti-e  basis  of  inalysis  and  properties)  the  basic  bismuth 
citrate  OBi:-Ci=Bi  OH.  100  ml  of  lO*^  baiium  chloilde  solution  was  added  to  the  filtrate,  heated  to  boiling.  After 
being  allowed  to  stand,  the  white  insoluble  precipitate  was  cerruif  :.ged  of:  and  washed  with  water  to  the  disappear¬ 
ance  of  a  chloride  reaction.  After  washing  with  alcohol,  the  sample  was  aiPKivied. 

227,7  mg  substance:  40.9  mg  CO*;  111,1  mg  H^Q.  200  5  mg  substance:  43,8  mg  83504;  115.0  mg 

BiP04.  Found  <^o\  C  13  32:  H  2.01;  Bi  39.44;  Ba  12.86.  CiaHaOjjiBijBa,  Calculated  <^:  C  13.62; 

H  2  10;  Bi  39.52;  Ba  12.99,  ,  . 

Monomeric  barium  citrobismuthate  appealed  to  be  a  microcrystallme  substance,  insoluble  in  water, 
alcohol  and  ether,  and  soluble  in  an  ammoniacal  soluaon  of  amraoniam  citrate  In  ammonia  it  underwent 
hydrolysis. 

Elimination  of  2  Moles  of  Ammonia  from  Ammonium  Citrobismuthate.  Ammonium  citrobismuthate, 
dehydrated,  dehydrated  by  boili.ng  tn  beuzeue,  was  hefli’:ed  for  32  r.ou:.s  at  105”.  The  substance  after  12  horns 
of  heating  acquired  a  light  yellow^green  color.  The  product  obvait'ed  was  insoluble  in  water  and  soluble  in 
ammonia  artd  in  ammoniacal  solution  of  ammonium  citrate. 


408.4  mg  substance;  8.4  m.l  0.1  N  HCl.  26'?  4  mg  substance:  142  6  mg  Found  °lo:  N  2.88: 

81  47  83.  4NH,  4BtCi"5HjO.  Calculated ‘^o-  N  3.20;  Bi  47  76 


D'brsmuth-rTionfK-mate  and  the  .Ammonium  Salt  of 
Dibismuth-tric.ttrate  8.8  g  of  the  precedmg  product  was  finely 
ground  in  a  m-ortar  with  water  and  was  m.ixed  for  half  an  hour 
with  250  ml  of  water  After  24  hours  of  standing  the  mixture 
was  filtered,  and  the  wtuie  precipitate  obtained  was  washed  with 
water,  alcohol,  and  d.ned  at  105°  3.3  g  of  the  water-insoluble, 
mictocrystaliine  basic  bismuth  citiate  BiCi-BrOOH  was  obtained. 

The  sample  was  insoluble  in  ammonia,  but  soluble  in  an 
ammoniacal  solution  of  ammonium  citrate. 

187  4  m.g  substance;  136  8  mg  BigOs  54.3  mg  substance: 

22.3  mg  COg.  5  3  mg  H.p  Found  -^o:  Bi  65.48:  C  11  20: 

H  i  09  C.ilculated  7o:  Bi  65  30;  C  11  26;  H  0,95. 


Frg  1.  Monom.eric  ammonium 
citrcbismutlra’'e  X678.' 


199  9  mg  substance:  7,2  ml  0.1 


The  aqueoLiS  solution  was  steam^ed  off  on  a  water  batn  after 
f'Tu.-itioc  cf  the  baste  bu;muth  Citrate,  and  dried  at  105°  (for  6 
hoxts). 

N  HC.  180  9  mg  substance:  7'7.9  mg  Found  ^0:  N  5.05; 


Bi  37  59.  NH40H'(NH^3Ci  2B.C:.  2^20  Cu'Cv.iated  %.  N  5  05;  Bi  37.63. 

Ammonium  Monohvdroxs citr obv^rn uthate  Four  t,jrei  e  qaan-uty  cf  atcohch  was  added  to  a  2%  aqueous 
solution  of  arrmiomum  dibismuth-ti'icitrate.  Alter  a  n.iiiu:  and  a  ''.alf  of  starding,  the  prectpttate  was  centrifuged 
off,  washed  with  alcohol  and  dried  a‘  .'ocm  ..er  pe.a,'^..e  L'*-  a  vacs’,  r.  de.-.tca’o  h'-je  w-oe  ..balance  obtained 
i^rgure  1)  was  very  difficultly  solthie  .tn  wa  e:,  b  vj.tb’e  air  amrriCi..taca.i  .oiutron  of  ainm.ori.u.m  citiate.  The 
sample  dissolved  in  ammon.td,  bu^  hvd.o.vs  xcarred  .p^n  teati.g 

58.3  mg  substance:  33  4  mg  CQ,;:  i4  5  mg  145.7  n;c  ..b,  aiioe;  3.4  mi  0. i  N  HCl.  120.6  mg 

substance:  61  2  mg  BijOj,.  Found  ^0:  C  in  63:  H  2  78:  N  3  27,  .Bi  45,52  rC^^rLOrBr  1  SHjO. 


Calculated  C  15  66:  F  2  85;  N  3,04;  b-  4:.  42 


Elimj.natton  of  3  Moles  cf  Ammorna  from.  Amm  .^niurr  C  tiob /m.uthate.  3  3637  g  of  ammonium  citro¬ 
bismuthate  was  dried  at  50°.  After  10  notirs  of  d’yirg.t.te  we.rght  was  p~acu.cally  unchatiged.  Loss  in  weight  was 
59.9  mg,  which  co.tresponds  to  1  9  moles  of  water,  Upotv  fart.’"er  heatng;  a’  80”.  the  loss  weight  ceased 
almost  completely  after  12  hours,  corre.spondirg  to  5  moles  of  wate. 

558.7  mg  substance:  16,9  mJ  0  I  N  HCL  Found  <^o:  N  4  24  6N.Fs  43‘Ci“  5HjO.  Calculated 

N  4  71 

Additional  heaung  was  conducted  at  105°.  After  two  hours,  loss  in  weight  became  insignificant.  The 
results  of  heating  at  50,80  and  105”  are  represented  .m  Fig. 2. 
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Fig.  2.  Heating  of  Ammonium  Cittobismuthate. 

volatilization  of  ammonia,  0)  volatilization  of 
water. 


Fig.  3.  Heating  of  ammonium  cittobismuthate 
at  105* 

279.7  mg  substance:  4.9  ml  0.1  N  HCl. 

Found  N  2.46.  3NH,  •  4BiCi  *  2H,0. 
Calculated  N  2.50. 

The  product  obtained  had  a  light  yellow  shade, 
insoluble  in  water,  soluble  in  ammonia  and  in 
ammoniacal  solution  of  ammonium  citrate. 


An  identical  product  was  obtained  upon  duect  heating  of  original  ammonium  cittobismuthate  at  105* 
f(M  42  houn  (Figure  3). 

521.4  mg  substance:  9.7  nU  0.1  N  HCl.  Found<7o.  N2.61.  3NHj* 4BiCi- 2H,0.  Calculated ‘jfc: 

N  2.50. 

Dibismuth  and  Ammonium  Salts  of  Bismutho-dicitric  Acid.  330.0  mg  of  the  preceding  sample  was 
mixed  with  100  ml  of  water  for  half.an  hour.  After  standing  48  hours,  the  precipitate  was  filtered  off,  washed 
thoroughly  widi  water  and  dried  at  105*.  59.9<%  of  the  dibismuth  salt  of  2BiCl’  BiOOH  was  obtained  (instead  of 
the  dierxetically  calculated  61.2^),  in  the  form  of  a  white,  microcrystalline  sample,  insoluble  in  water  and 
lacking  in  acid  properties.  The  sample  was  msoluble  in  ammonia  but  soluble  in  an  ammoniacal  solution  of 
bismuth  citrate. 

84.5  mg  substance:  57.0  mg  Bi^Oj.  66.2  mg  substance :  32.8  mg  CO|:  7.1  mg  H|0.  Found‘d: 

Bi  60.51;  C  13.52;  H  1.20.  CuHuOigBi*.  Calculated  ‘Jt:  Bi  60.39;  C  13.88;  H  1.07. 

The  aqueous  soluuon  was  steamed  off  on  the  water  bath  after  filtration  of  the  dibismuth  salt  and 
dried  at  105*  (4  hours) 

19.9  mg  substance:  0.9  ml  0.1  N  HCl.  26.5  mg  substance;  9.4  mg  B4O}.  Found  N  6.34; 

Bi  31.81.  (NH4)^i-  BiCi*  H,0.  Calculated  %  N  6.37;  Bi  31.70. 

Further  heating  of  the  sample  3NH3  *  4BiCi  ■  2H|0  at  130”  (22  hours;  see  Figure  2)  leads  to  the  formation 
of  a  brown  product,  containing  1  less  mole  of  ammonia  (with  an  overall  loss  in  weight  of  19.45^). 

202.0  mg  substance:  2.25  ml  0.1  N  HCl.  Found  N  1.56. 

Upon  treatment  of  the  product  with  water,  followed  by  thorough  washing,  there  was  obtained  88.n<^ 
of  basic  bismuth  citrate  2BlCi‘  BiCK)H  in  the  form  of  an  almost  white  product. 

SUMMARY 

1.  Changes  in  die  composition  of  ammonium  bismuth  citrate  upon  heating  at  50,80,105  and  130”, 
and  upon  boiling  in  benzene,  were  studied. 

2.  Two  basic  bismuth  citrates  (BiCi'  BiOOH  and  2BiCi'  Bi(X)H),  were  obtained,  the  ammonium  sa;lts 

of  two  acid  bismuth  citrates  (BiCi*  CiHj*  HjO  and  2BiCi'CiH|’2H|0)  and  ammonium  and  barium  citrobismuthates 
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Ba(CiBi  ■  0H)2  and  NH4(CiBi  •  OH),  where  Ci  denotes  the  citric  acid  residue. 
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ACTIVE  CARRIERS  DURING  HYDROGENATION 


D.  V.  Sokolsky 


Catalytic  hydrogenation  requires  activation  on  the  surface  of  the  catalyst  of  both  the  hydrogen  and  of  the 
hydrogenated  compound.  Naturally,  the  most  favorable  conditions  for  activation  of  the  separate  components  may 
not  coincide  and  an  increase  in  temperature  almost  always  changes  not  only  the  speed  of  the  primary  reaction, 
but  also  the  relative  concentrations  of  the  reacting  substances  on  the  catalyst  surface.  As  a  result,  there  is 
observed  a  negative  temperature  coefficient  above  40*  [1]  when  a  majority  of  organic  compounds  are  hydrogenated 
in  the  presence  of  elementary  nickel  catalyst.  By  activating,  or  inactivating,  the  catalyst,  it  is  possible  to  increase 
or  to  decrease  the  activation  of  one  of  the  reacting  components.  Thus,  for  example,  when  Pt,  Pd  or  Rh  is  deposited 
upon  nickel  catalyst,  the  hydrogen  is  almost  always  principally  activated,  whereas  Os,  Ru  and  Re  actually  lower  the 
activity  of  nickel  catalyst.  At  room  temperature  osmium  black  displays  activity  upon  hydrogenation  of  the  double 
bond,  the  carbonyl  group  and  the  nitro  group  [2],  during  which  time  the  hydrogenation  i^oceeds  stepwise  Iftider 
these  conditions,  acetylenic  hydrocarbons  do  not  fully  hydrogenate,  which  is  explained  by  the  competition  between 
the  hydrogen  and  the  acetylene  group  on  one  and  the  same  sections  of  the  catalyst.  During  hydrogenation  on  Pt, 

Pd  or  Ni,  both  the  adsorbed  and  the  dissolved  hydrogen  take  part  in  reaction.  To  a  lesser  extent  the  question  of 
activation  of  the  unsaturated  component  during  reaction  has  been  studied.  Di  this  case  it  may  be  expected  that 
the  structural  correspondence  between  catalyst  and  reacting  molecule  will  be  of  primary  importance.  An 
assumption  has  been  made  that  superficially  completely  inactive  'osmium  and  ruthenium  blacks  actually  activate 
the  double  bond  and  active  hydrogen  is  lacking  only  on  their  surface.  Following  deposition  on  their  surfaces  of 
palladium  or  of  platinum,  which  activate  hydrogen  particularly  well,  the  potential  possibilities  of  such  "active 
carriers*  should  be  manifested  and  it  should  be  possible  to  obtain  highly  active  catalysts.  This  assumption  was 
fully  confirmed,  using  the  hydrogenation  of  dimethylacetylenylcarbinol. 

EXPERIMENTAL 

(With  the  assistance  of  N.  Sinaiskaya  and  M.  Zakharova) 

The  hydrogenation  was  studied  in  96^  ethanol  solution  under  conditions  described  earlier  |B].  For 
catalysts  were  used:  Pt,  deposited  on  BaS04,a  oi  BaSQ:coated  first  with  Os,  and  also  by  Pd  on  BaS04  coated 
with  ruthenium.  The  active  carriers  were  prepared  according  to  the  method  of  N.  D.  Zelinsky  [4],  calculated 
in  such  amount  as  to  obtain  a  20^  Os  or  Ru  content  on  BaS04.  The  "active  carriers”  were  dried  at  room 
temperature  in  a  dessicator  over  H1SO4.  Their  characteristic  activity  was  examined  by  hydrogenation  of  nitro 
benzene  and  was  found  to  be  equal  to  zero.  Part  of  the  0s-BaS04  and  Ru-BaS04  was  reduced  at  200*  for  4 
hours  and  subsequently  remained  inactive.  A  weighed  portion  of  "active  carrier”,  equal  to  2  g,  was  transfened 
to  a  tlask  with  the  aid  of  15  ml  of  alcohol:  there  was  also  introduced,  by  a  pipet,  a  defined  volume  of  chlor- 
platinate  01  of  palladium  chloride  solution.  The  flask  was  shaken  for  30  minutes,  for  better  adsorption  of  the 
promoter,  and  the  catalyst  was  further  saturated  with  hydrogen  for  30  minutes  at  25*.  After  saturation,  there  was 
placed  in  the  flask  a  defined  weight  of  dimethylacetylenylcarbinol  and  10  ml  of  alcohol  was  added.  The  system  was 
washed  rapidly  with  hydrogen,  the  motor  switched  on  and  readings  on  absorbed  hydrogen  started. 

Hydrogenation  of  Dimethylacetylenylcarbinol  on  Catalysts  Pt-^BaSO^  and  Pd— BaS04.  It  was  found  that  the 
hydrogenation  rates  of  the  double  and  of  the  triple  bond  on  Pt  and  Pd  deposited  on  BaS04  differed,  m  Fig.l  is 
represented  a  series  of  kinetic  curves  for  the  hydrogenation  of  dimethylacetylenylcarbinol  on  Pt-BaS04  catalyst. 

One  peculiarity  is  characteristic  for  all  curves  -  the  reaction  rate  remains  almost  stationary  up  to  the  absorption 
of  approximately  of  the  calculated  volume  of  hydrogen  and  then  increases  sharply. 

It  may  be  assumed  that  on  the  first  horizontal  segment,  linkage  of  one  hydrogen  molecule  to  the  triple 
bond  occurs,  and  simultaneou-sly  partial  hydrogenation  of  the  ethylene  derivative  {xroduced  starts.  As  soon  as 
hydrogenation  of  the  triple  bond  is  terminated,  the  double  bond  starts  to  hydrogenate  with  much  greater  speed. 

To  examine  this  assumption,  the  experiments  were  interrupted  at  the  moment  when  the  mcrease  in  reaction  rate 
started.  The  products  of  incomplete  hydrogenation  were  poured  off  rapidly  from  the  catalyst  and  tested  for  the 
presence  of  hydrogen  at  the  triple  bond  by  the  use  of  ammoniacal  silver  nitrate:  in  all  cases  the  absence  of  the 
acetylenic  alcohol  was  established. 
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Fig.  1.  Hydrogenation  of  Dimethylacetylenylcarbinol  on  Pt-BaS04  Catalyst. 


(BaS04  0.2  g,  ethyl  alcohol  25  ml). 


Expt.  No. 

Quantity  of  Pt 

(g) 

Temperatuie 

Quantity  of  Carbinol 
(ml) 

60 

0.00103 

25* 

0.12 

62 

0.00103 

25 

0.24 

64 

0.00103 

40 

0.24 

65 

•  0.00206 

25 

0.13 

66 

0.00206 

25 

0.26 

69 

0.00206 

40 

0.12 

It  is  known  that  Pt  dissolves  very  little  hydrogen  and,  furthermore,  under  our  conditions,  the  Pt  atoms 
either  form  very  fine  crystals  or  penetrate  into  the  incomplete  lattice  work  of  the  earner:  thus  adsorbed  hydrogen 
plays  the  ixincipal  role  in  hydrogenation.  Compounds  with  a  triple  bond  adsorb  very  well  on  the  surface  of  the 
platinum  metal  group,  and,  in  addition,  they  are  activated  on  the  centers,  that  are  similar  to  the  centers  which 
activate  the  hydrogen.  [1].  As.a  result  of  this  competition,  the  speed  of  hydrogenation  of  the  triple  bond  on 
platinum  catalysts  is  usually  smaller  than  the  speed  of  hydrogenation  of  the  double  bond  In  the  absence  of 
compounds  with  a  triple  bond,  the  hydrogen  concentration  on  the  surface  increases.  In  complete  accordance 
with  this  view,  as  the  curves  of  Fig.  1  indicate,  the  hydrogenation  speed  of  the  triple  bond  decreases  with  the 
dimethylacetylenylcarbinol  increase  in  concentration  and  the  hydrogenation  speed  of  the  double  bond  increases. 

For  characterization  of  curves  of  a  similar  type,  we  are  introducing  the  value,  a,  representing  the  relation 
between  the  maxrmum  speed  of  hydrogenation  to  the  average  speed  of  hydrogenation  of  the  triple  bond  (the  first 
segment  of  the  curve  ).  The'  value,  a,  as  j&m>eriments  indicate,  depends  very  little  upon  the  activity  of  the  cata¬ 
lyst,  upon  the  quantity  of  Pt  deposited  upon  BaS04,  or  upon  the  temperature.  Thus,  in  a  whole  series  of  experiments 
with  0.12  ml  of  dimethylacetylenylcarbinol,  upon  a  change  in  quantity  of  Pt  from  0.00103  to  0  00412  g,  and  a 
temperature  from  25  to  40*,  the  relation  of  speeds  a  changed  only  from  1.1  to  1.3,  i.e.,  within  the  range  of 
experimental  enoi.  Contrariwise,  the  value  a,  is  very  sensrtive  to  concentration  change,  and  under  the  same 
conditions,  with  0.24  ml  of  dimethylacetylenylcarbinol,  fluctuated  from  1.7  to  2.2. 

It  should  be  noted  that  with  an  increase  in  temperature  the  hydrogenation  speeds  of  the  triple  and  the 

double  bond  increase,  but  the  former  rises  more  rapidly  and  the  relation  of  the  speed  ^  decreases  somewhat. 

This  phenomenon  is  quite  understandable  if  one  assumes  that,  with  temperature  rise  under  the  conditions  involved, 
the  speed  of  the  primary  reaction  increases  and  general  adsorption  decreases. 
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Fig.  2.  Hydrogenation  of  Dimethylacetylenylcarbinol 
on  catalyst  Pd-BaS04,  (BaS04  0.2  g,,  Pd  0.00012  g, 
ethyl  alcohol  25  ml), 

Expt.  No.  Temperature 

1  1* 

2  25 

3  40 


TABLE  1 


Added  Pt  | 
(g) 

Carbinol  i 
taken 
(ml)  1 

Temperature 

- 

average 

f  • 

0.12  ! 

25“ 

4.20 

0.00051 i 

0.24  1 

25 

4.70 

- 

0.12 

40 

1 

1 

3.85 

1 

' 

0.12 

‘  ! 

25 

2.63 

0.00103  < 

0.12 

40 

2.50 

- 

0.24 

40 

4.30 

0.00206  < 

0.12 

25 

1.95 

0.24 

25 

3.00 

It  Fig.2  is  represented  a  series  of  curves  on 
another  catalyst,  Pd-BaS04.  In  this  case  the  correla¬ 
tion  of  speeds  is  entirely  different;  the  reaction  speed 
in  the  first  half  of  the  process  is  considerably  greater 
than  in  the  second  and  consequently  the  triple  bond 
hydrogenates  more  rapidly  than  the  double  bond. 
Selectivity  of  the  catalyst  in  this  case  is  considerably 
greater  and  the  break  in  the  speed,  corresponding  to 
a  loss  of  a  triple  bond  in  the  compound,  is  observed 
after  absorption  of  55-68*70  of  the  calculated  quantity 
of  hydrogen  (reaction  with  ammoniacal  AgNOj).  A 
similar  course  of  the  curves  in  the  presence  of  Pd, 
which  is  similar  in  lattice  structure  to  that  of  Pt, 
can  be  related  only  to  the  participation  of  dissolved 
hydrogen  in  the  reaction.  It  is  known  that  Pd 
dissolves  hydrogen  readily  and  that  this  hydrogen  takes 
part  in  the  reaction,  as  we  have  shown  earlier  [3],  In 
this  instance  the  hydrogen  and  the  acetylene  derivative 
activation  are  basically  related  to  the  different  surface 
sections,  or  more  correctly,  with  the  mass  of  the 
catalyst.  The  gradual  increase  in  speed  during  the 
first  half  of  the  process  can  be  related  to  the  increased 
role  of  adsorbed  hydrogen  by  the  rate  of  concentration 
decrease  of  the  compound  with  the  triple  bond.  Thus, 
in  the  case  of  palladium  catalyst,  it  is  impossible  to 
limit  oneself  to  examination  of  the  role  of  dissolved 
hydrogen  only.  It  is  necessary  to  take  into  account 
the  gradual  increase  in  role  of  the  adsorbed  hydrogen. 
The  variable  correlation  of  hydrogenauon  speeds  of 
the  triple  and  double  bonds  in  the  presence  of  Pt  and  ■ 
Pd  on  BaS04  made  it  of  particular  interest  to  study  the 
effect  of  Os  and  Ru  as  a  coater  from  the  point  of  view 
of  clarifying  this  correlation. 

As  has  already  been  mentioned,  Os  and  Ru 
on  BaS04  were  found  to  be  entirely  inactive  in  tlie 
hydrogenation  reaction.  Both  metals  have  the 
hexagonal  lattice  with  parameters:  Os£  2.7244  A, 
with  4,3044  A  ,  Ru  a  2.695  a,  with  4.273  A  ,  and 
can,  from  structural  considerations,  at  low  tempera- 
tiure,  only  result  in  activation  of  the  double  bond  by 
a  given  amount  of  hydrogen  and  not  the  triple  bond. 


Hydrogenation  of  Dimethylacetylenylcarbinol  on  catalyst  Pt-fOsHBaSOJ.  A  series  of  curves  is  represented 
in  Fig.8,  which  were  obtained  in  the  presence  of  Os.  The  shape  of  the  curve  remains  the  same  under  all  conditions, 
and  is  similar  to  the  curves  obtained  in  the  absence  of  Os.  However,  the  hydrogenation  speed  of  the  triple  bond  is 
almost  unchanged  and  the  hydrogenation  speed  of  the  double  bond  increases  sharply.  As  a  result,  the  value,  a, 
increases  also.  Thus,  the  ixesence  of  Os  can  be  considered  to  be  catalyzing  only  in  relation  to  the  second  part  of 
the  process,  i.e.,  to  the  hydrogenation  of  dimethyl vinylcarbinol.  Upon  increase  in  concentration  of  the  dimethyl¬ 
acetylenylcarbinol,  the  hydrogenation  speed  of  the  triple  bond  decreases  and  the  hydrogenation  speed  of  the 
double  bond  increases  (curves  for  Experiments  5  and  6,  9  and  10,  30  and  31,  16  and  17). 

The  deductions  made  become  more  graphic  when  the  average  values  for  "a*  (latie  1)  are  calculated. 

As  can  be  seen  from  Fig. 3  and  from  the  data  of  Tible  1  during  the  small  st^  in  the  filling  of  the  platinum 
surface,  an  acceleration  in  double  bond  hydrogenation  is  noticed. 
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Fig.  3,  Hydrogenatioii  of  dimethyiacetylenylcarbinol  on  catalyst 
Pt-[Os-BaSO^].  <Os-BaSO^  0.2  g,  ethyl  25  ml). 


Expt.  No. 

Pt  Quaniitv 

Temperature 

Carbinol  quantity 
(ml) 

4 

0.00103 

25“ 

0.12 

5 

0.00103 

25 

0.12 

6 

0.00103 

25 

0.24 

9 

0.00051 

25 

0.12 

10 

0.00051 

25 

0.24 

30 

0.00103 

40 

0.12 

31 

0.00103 

40 

0.24 

16 

0  00206 

25 

0.12 

17 

0.00206 

25 

0.24 

For  a  given  quantity  of  Pt  during  the  gieatest  changes  in  activity  of  the  catalyst  the  correlation  of  the  hydro¬ 
genation  speeds,  is  almost  unchanged.  The  same  regulaiities  were  found  by  the  author  upon  subsequent  filling 
up  of  the  Os-  BaSO^  surface  by  platinum,  beginning  with  from  0.00021  to  0.00165  g  of  Pt  for  0.2  g  of  "active 
carrier".  Pt  on  Os— BaSO^  was  found  to  be  a  very  stable  catalyst  and  it  is  possible  to  conduct  more  than  10 
experiments  on  the  one  sample  without  noticeable  lowering  of  tne  activity. 

Similar  series  of  experiments  were  carried  out  with  Pt,  deposited  on  Os-BaSO^,  previously  reduced  at 
200*.  It  is  necessary  to  note  that  the  catalyst  in  thJ5  case  is  even  more  stable  and  active.  A  very  interesting 
phenomenon  was  observed  after  prolonged  work  with  one  and  the  same  weighed  sample  of  reduced  catalyst:  the 
activity  of  the  catalyst  decreased  from  experiment  to  experiment  and  the  relation  of  the  hydrogenation  speeds 
of  the  double  and  the  triple  bonds,  £,  increased.  This  experimental  result  can  be  explained  by  the  fact  that  the 
Pt  atoms  ate  able  in  time  to  penetrate  deeply  into  the  crystalline  lattice  of  the  Os-BaS04  carrier,  as  the  result 
of  which  "a"  increases. 

Hydrogenation  of  dimethylacetylenylcaibinol  onc:atalyst  Pd-[Ru-BaS04].  The  kinetic  hydrogenation 
curves  are  reixesented  in  Figs.4,5,6.  The  triple  bond  hydrogenates  in  A.is  case  considerably  more  rapidly  than  the 
double  bond.  Comparative  data  on  hydrogenation  in  the  presence  of,  and  in  the  absence  of,  ihi  are  given  in  'Bble  2 
for  the  two  series  of  experiments. 
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TABLE  2 

Series  and  catalyst 


Vm  BaSO^  +  0.00036  g  Pd 


After  72  hours  of  standing 
for  the  catalyst 


Expt. 

No. 

Temp. 

Carbinol 

t'aken 

(ml) 

Maximum 
speed 
(ml/ min.) 

K  for 

hydrogenation 
of  double  bond 

29 

25* 

0.2 

26.5 

0.87 

30 

40 

0.2 

38.7 

1.60 

32 

25 

0.2 

30.0 

2.15 

33 

25 

0.2 

30.5 

1.88 

35 

40 

0.2 

48.3 

3.73 

36 

40 

0.4 

51.1 

4.01 

37 

40 

0.6 

50.7 

4.01 

34 

25 

0.2 

28.0 

- 

31 

1 

0.2 

10.0 

0.44 

38 

25 

0.2 

25.5 

1.88 

39 

25 

0.4 

26.7 

1.80 

40 

0.4 

7.4 

0.28 

Duration  of  hydrogena- 

tion  (in  min.) _ 

of  the  of  the 
triple  bond  double  bond 


TABLE  3 
Temp.  I 


Catalyst 


1  Pd-BaSQi 

Pd-[Ru-BaSO^ 

E  of  triple 

E  of  double 

E  of  triple 

E  of  double 

bond  hydro- 

bond  hydro- 

bond  hydro- 

bond  hydro- 

genation 

genation 

genation 

genation 

(cal/ mol) 

(cal/  mol) 

(cal/  mol) 

(cal/ mol) 

8-9000 

7-6000 

7-8000 

8-9000 

4-6000 

6-7000 

5-6000 

6-7000 

Fig.  4.  Hydrogenation  of  d  imethylacetylenyl* 
carbinol  on  catalyst  Pd-[Ru— BaSQ4]. 
(Ru-BaS04  0.2  g  Pd  0.00012  g,  ethyl  alcohol 
25  ml). 


As  can  be  seen  from  the  data  of  Tible  2  and  the 

0  ZO  W  to  90  curves  of  the  graphs,  the  average  speed  of  hydrogenation  in 

M  ^  I  the  presence  of  Ru  at  all  temperatures  is  ccmsiderably 

^  2  higher.  However,  the  hydrogenation  time  of  the  triple  bond, 

in  the  presence  of  Ru,  is  the  same  as  widiout  it^  while  the 
hydrogenation  time  of  the  double  bond  in  the  presence  of 
Fig.  4.  Hydrogenation  o  imethylacetylenyl  decreases  from  22  to  7  minutes,  i.e.,  more  than  threefold, 

carbinol  on  catalyst  Pd-[Ru  BaSQ4].  relation  of  hydrogenation  speed  KfRu) 

(Ru-BaS04  0.2  g  Pd  0.00012  g,  ethyl  alcohol  ^  K(wiLuf  to) 

constitutes:  at  25*,  2.3;  at  40*,  2.33;  of  maximum  speed 
Expt.  No.  Temperature  at  25*,  1.18;  at  40*,  1.25.  In  all  other  series  of  experiments 

4  1*  the  hydrogenation  speed  of  the  double  bond  also  increases  . 

5  25  more  rapidly  than  the  hydrogenation  speed  of  the  triple 

7  40  bond.  The  presence  of  Ru  starts  to  become  noticeable  at 

elevated  temperature  (40*),  evidently,  as  the  result,  the 
activation  of  the  unsaturated  bonds  over  Ru  is  hampered 
by  low  temperature.  As  can  be  seen  from  the  data  of  'Able  1  and  of  Hg.  6,  the  maximum  hydrogenation  speed 
is  almost  independent  of  the  concentration  of  dimethylacetylenylcarbinol  in  solution.  The  caulyst 
Pd-[Ru-BaS04]  is  very  stable  and  all  experiments  of  the  series  were  carried  out  with  one  catalyst.  It  should  be 
noted  that  with  an  increase  in  the  quantity  of  palladium  at  a  constant  quantity  of  Ru,  the  effect  of  the  latter 
begins  to  weaken  and  the  catalyst  approaches  that  of  the  catalyst  Pd-BaS04. 


Expt.  No. 

4 

5 
7 


Temperature 

1* 

25 

40 
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J 


0 

10  20  30  >90  SO  eo 

70  80  90 

Fig.  5.  Hydrogen.inon 

of  d  unett’ylacerv  lenylcarb  iiol 

With  catalyst  Pd— [Ru— BaSQj]. 

(Pd  0.00024  g) 

Expt,  No. 

Temperature 

Catbinol  quantity 

(ml) 

14 

25” 

0.1 

15,16,17,18 

25 

0.2 

20 

40 

0,2 

Upxxi  deposition  of  0,00048  g  of  Pd,  the  d<ffe;;eiice  in  ihe  D’ope.r.ies  of  the  catalysis  with  Ru  beconies 
evident  only  at  high  temperatuie.  The  act:.vat!x>n  erje:gies  fo-  the  hydrogenation  of  the  triple  bond  and  of  the 
double  bond  are  foand  on  the  basis  of  13  series  of  experaiients  to  be  variable  fc».  catalysts  with  and  without  Ru 
Clble  3). 

The  activation  energy  for  the  triple  bond  and  for  tne  double  bond  hydrogenation  is  considerably 
higher  in  the  temperature  interval  1-26*  than  in.  the  interval  25-40®  as  can  be  seen  from  the  dataof  Uble  3. 

At  the  elevated  temperatures  the  ability  of  the  unsaturaoed  compotuid  to  extract  dissolved  hydrogen 
from  the  catalyst  increases  and  along  with  it  the  quantity  of  hydrogen  adsorbed  on  the  surface  is  decreased. 

The  conjugation  of  the  two  factors  augments  the  role  of  dissolved  hydrogen,  of  which  diffusion  there  is  naturally 
a  small  temperature  coefficient.  In  almost  all  cases  the  ac&vation  energy  for  hydrogenation  of  the  triple  bond 
was  found  to  be  lower  than  that  for  the  double  bond. 
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Fig.  6.  Hydrogenation  of  dimethylacetylenylcarbinol  with  Pd -[Ru— BaS04l 
(Pd  0.00036  g), 

Expt.  No.  Tempeiatuie  Carbinol  quantity 


(ml) 

31 

1* 

0.2 

38 

25 

0.2 

39 

25 

0.4 

35 

40 

0.2 

36 

40 

0.4 

37 

40 

0.6 

SUMMARY 

The  results  obtained  by  the  author  indicate  the  necessity  for  examining  separately  the  effect  of  carrier 
upon  the  behavior  of  hydrogen  and  the  hydrogenated  compound  in  hydrogenation  reactions.  In  the  case  of  hydro¬ 
genation  of  dimethylacetylenylcarbinol,  Os  and  Ru,  on  BaSQ^,  were  found  to  be  the  carnets  which  first  of  all 
activate  the  double  bond,  regardless  of  the  fact  that  there  is  an  entirely  opposite  ccwrelation  for  hydrogenation 
speeds  for  the  double  and  the  triple  bond,  which  is  conditioned  by  variable  percentage  participation  in  reaction 
of  the  dissolved  and  the  adsorbed  hydiogen  upon  Pt  and  Pd.  The  different  effects  of  substituenu  on  the  hydrogena¬ 
tion  speed  upon  Pt  and  Pdv«re  also  demonstrated  by  B.  A.  Kazansky  and  G.  T.  Tatevosyan  [5].  In  the  case  exam¬ 
ined,  the  structural  correlation  between  the  molecule  and  the  catalyst  enters  into  the  foreground. 

The  problem  of  structural  cwrelation  acquires  now  particular  actuality  in  the  light  of  discussion  on  the 
"theory  of  resonance"  and  it  seems  somewhat  strange  that  some  authors  recently  have  been  prepared  to  reject 
entirely  this  principle  in  organic  catalysis  It  is  inevitable,  no  doubt,  to  reject  certain  complex  elements  of 
symmetry,  postulated  by  the  multiple  theory  and  hardly  realizable  from  die  pomt  of  view  of  no  less  obligatory 
energy  correlation. 

In  the  case  given,  the  problem  of  energy  correlation  is  presented  only  in  the  sense  of  a  distinction  in  the 
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role  of  adsorbed  and  dissolved  hydrogen.  Poten  tome  trie  measurements  demonstrate  that  the  catalyst  potential  falls 
rapidly  when  compounds  with  a  triple  bond  are  hydrogenated  on  Pt,  regardless  of  how  small  the  speed  of  reaction  is; 
during  the  transition  to  double  bond  hydrogenation,  the  reaction  rate  and  th-e  potential  both  Increase  sharply  at  the 
same  time. 

The  increase  in  the  amount  of  hydrogen  at  the  surface  with  the  increase  in  reaction  rate  can  only  be  connec¬ 
ted  with  the  fact  that  in  the  presence  of  acetylene  derivatives,  hydrogen  desorbs  from  the  surface  and  passes  off  into 
the  gaseous  state. 

The  quantity  of  hydrogen  which  can  be  diluted  in  0.00048  g  of  Pd  (maximum  quantity)  is  quite  insufficient 
for  hydrogenation  and  evidently  there  occurs  incessantly  in  the  course  of  the  reaction,  replenishment  of  the  dis¬ 
solved  hydrogen.  Hydrogen  cm  Os  and  Ru  activates  only  with  great  difficulty  and  predominantly  at  increased  temp¬ 
eratures  In  this  manner  some  decrease  of  a  with  increase  in  temperature  can  be  explained. 
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THE  INTERACTION  OF  ISOPROPYLMAGNESIUM  BROMIDE  WITH  THE  ETHYL  ESTER  OF 
FORMIC  ACID  AND  WITH  THE  C  HLORA  NH  YDRID  E  OF  ISOVALERIC  ACID 

E.  B. Sokolova 


Ui>on  the  interaction  of  secondary  and  tertiary  alkylmagnesium  halides  with  carboxylic  acid  esters,  and  also 
with  the  chloranhydrides  and  the  salts  of  acids,  there  takes  place  the  formation  of  ketones  of  the  type  RCOR|  and 
RCOR,  where  R  is  an  acid  radical  and  Rj  is  an  alkyl  halide  radical. 

The  character  of  the  reaction  products  formed  is  determined  by  the  properties  of  both  the  alkyl  halide  and  of 
the  acid  entering  into  reaction.  The  effect  of  the  nature  of  the  Grignard  reagent  radical  and  the  nature  of  the  acid 
entering  into  die  composition  of  the,  ester,  or  chlor anhydride,  in  the  case  of  syntheses  involving  the  use  of  tertiary 
alkyl  halides,  has  been  studied  in  the  many  works  of  A.D.Petrov  and  coworkers  [1],  LLLapkin  [2],  and  others  [3]. 

These  works  demonstrated  the  influence  upon  the  course  of  the  Grignard  synthesis  of  different  compound  radicals  as 
regards  spatial  interferences  and  chemical  activity  entering  into  reaction. 

The  purpose  of  the  present  work  was  a  study  of  the  interactions  of  secondary  alkyl  halides  with  ethers  and 
with  chloranhydrides  under  conditions  of  synthesis  acccmling  to  Grignard  with  the  examples  of  isopropyl  bromide  on 
the  one  hand  and  of  the  ethyl  ester  of  formic  acid  and  the  chloranhydride  of  isovaleric  on  the  other. 

The  results  of  the  work  canied  out  demonstrated  that  in  the  case  of  interaction  of  isopropylmagnesium  bro¬ 
mide  with  ethyl  formate,  reaction  occurs  only  in  the  normal  fashion  and  results  in  the  fcvmation  of  the  secondary 
alcohol  diisopropylcarbinol,  with  a  yield  of  about  Aiyjo.  The  interaction  of  this  ester  with  tertiary- butylmagnesium 
chloride  leads  to  the  formation  of  tertiary- butylcarbinol  (an  abnormal  reaction  product),  according  to  the  data  of 
Favorsky  and  Kolotova  [4]. 

In  the  case  of  interaction  of  isopropylmagnesium  bromide  with  the  chloranhydride  of  isovaleric  acid,  reac¬ 
tion  occurs  according  to  the  normal  scheme,  in  ccMitrast  to  interaction  of  isovaleric  acid  derivatives  with  tertiary- 
butylmagnesium  chloride  [5],  but  is  complicated  by  a  side  reaction  of  reducible  character.  The  reaction  occurs 
principally  in  the  direction  of  the  secondary  alcohol,  isoixropylisobutylcarbinol  —  the  reduction  product  of  the  ketone, 
type  RCORj  and  the  ester  -  the  esterification  i»oduct  of  this  alcohol  with  isovaleric  acid. 

EXPERIMENTAL 

1.  Reaction  of  isopropylmagnesium  bromide  with  the  ethyl  ester  of  formic  acid.  For  reaction  there  were 
taken:  160  g(1.3  -md^of  the  alkyl  halide  with  b.p.  59-60*,  29  g  (1.2  g-atom)  of  magnesium  shavings,  and  45  g 
(O.Q:  mob) of  the  ester  with  a  b.p.  of  54*.  The  reaction  was  canied  out  in  the  usual  manner,  the  ester  being  added 
to  the  Grignard  reagent.  The  secondary  alcohol  -dnsopropyl  carbinol,  to  the  amount  of  28  g,  was  separated  from 
the  reaction  product*  which  constituted  about  40^  of  the  theoretical  yield,  on  the  basis  of  ester  taken  for  the  syn¬ 
thesis.  The  structure  of  the  derived  alcohol  was  proved  by  its  oxidation  to  die  corresponding  ketone,  from  which  was 
prepared  the  semicarbazone,  with  a  m.p.  of  157?  An  attempt  to  find  among  the  reaction  products  a  combination  of 
the  type  RCOR^  and  its  corresponding  reduction  pioduct  (in  the  case  of  formic  acid  and  isopropylbromide,  the  pres¬ 
ence  of  isobutyric  acid  and  isobutyl  alcohol)  was  unsuccessful. 

2.  Reaction  of  isopropylmagnesium  bromide  with  the  chloranhydride  of  isovaleric  acid.  For  reaction  were 
taken:  210  g  (l.T  '  ftlolebf  isopropyl  bromide,  38.5  g  (1.6  g-atom)  of  magnesium  shavings  and  97  g  (0.8  iuole) 
freshly  distilled  chloranhydride  of  isovaleric  acid.  After  removal  of  estery  the  reaction  product  was  distillca  off 
from  a  Favorsky  flask  in  5-degree  fractions.  The  maximum  yield  of  product  conesponded  to  a  b.p,  of  150-155* 

(12.9  g)  and  at  155-160*  (12.0  g).  Anticipating  the  presence  of  the  secondary  alcohol  —  isopropylisobutylcarbinol  — 
in  these  fractions  formed  by  reduction  of  the  ketone,  RCOR^,  the  normal  reaction  product,  we  conducted  the  follow¬ 
ing  tests:  1)  percent  determination  of  hydroxyl  group  in  the  fraction  with  the  b.p.  of  155-160“  (corresponding  to  iso- 
propylisobutylcarbinol,  boiling  in  the  range  of  156-158*  according  to  the  literature  data)  and  2)  oxidation  of  the  155-  ' 
160*  fraction  and  test  on  the  oxidation  product  for  the  ketone  group. 
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Determination  of  the  percent  hydroxyl  group  in  the  155-160*  b.p,  fraction  according  to  the  method  of  Ver- 
ley,  indicated  the  presence  of  ^.V’Jo  of  OH  group,  which  corresponds  to  an  alcohol  content  in  the  fraction  of  about 
70<5{)  of  the  composition  C,H7CHOHC4H9. 

A  separate  sample  of  the  fraction  widi  b.p.  155-160*  was  oxidized  by  chromic  acid  mixture.  Upon  treatment 
of  the  oxidation  iwoducts  with  semicarbazide  a  copious  precipitate  of  crystalline  derivative,  with  a  m.p.  of  143*,  was 
obtained.  (According  to  the  literature  data,  the  semicarbazone  of  isopropylisobutylketone  melts  at  142*). 

3.39  mg  substance:  0.683  ml  N|  (22*,  746  mmj.  3.14  mg  substance:  0.629  ml  N*  (22*,  746  mm). 

Found  N  22.88,  22.79.  Calculated  N22.7. 

The  fractions  with  b.p.  140-145“  and  145-150*  were  combined  and  tested  for  the  presence  of  ketone  of  the 
type  RCORj.  As  a  result  of  the  treatment  of  the  fraction  with  semicarbazide  a  semicarbazone  precipitated,  with  a 
m.p.  of  143*.  A  sample  mixed  with  the  semicarbazone  of  isopropylisobutylketone  did  not  give  a  depression. 

An  attempt  to  obtain  the  semicarbazone  of  a  ketone  of  the  type  RCOR  from  the  fraction  with  b.p.  160-170* 
gave  negative  results. 

The  fraction  with  a  b.p.  of  220-230*,  obtained  by  distilling  off  the  reaction  products  in  significant  quantity 
(7.4  g),  was  analyzed  for  ester  content.  Elementary  analysis  showed,  from  the  C  and  H  content,  that  the  product 
examined  comes  very  near  to  the  ester  of  isovaleric  acid  and  the  isopropylisobutylcarbinol  of  the  composition 
C4H^OCX:,Hit. 

5.67  mg  substance:  15.14  mg  CO^:  5.84  mg  1^0.  4.70  mg  substance:  12.58  mg  CO|:  4.89  mg  H|0. 

Found  <5^:  C  72.82,  73.00;  H  11.52,  11.64.  Ci,H„0,.  Calculated*^:  C  72.9;  H  12.1. 

A  few  grams  of  the  fraction  with  b.p.  220-230*  was  saponified  with  15*^  alcoholic  alkali  (KOH)  for  several 
hours.  The  saponification  products  were  examined  for  the  presence  of  alcohol  and  acid.  The  oily  layer,  which 
floated  up  after  dilution  of  the  saponification  products  with  water,  was  separated,  washed  with  water,  dried  and 
distilled.  The  temperature  of  the  iwoduct  obtained  was  within  the  limits  153-163*.  Identity  of  the  obtained  product 
with  that  of  the  alcohol  —  isoixropylisobutylcarbinol  -  was  proved  by  its  oxidation  to  the  corresponding  ketone,  from 
which  was  obtained  the  semicarbazone  with  m.p.  142*.  A  mixed  sample  did  not  show  melting  point  depression. 

The  water -alcohol  layer  of  the  saponification  products  was  acidified  with  nitric  acid  after  removal  of  the 
alcohol  and  the  organic  acid  was  then  precipitated  in  the  form  of  its  silver  salt. 

0.6048  g  substance:  0.3148  g  Ag.  Found  Vo:  Ag  52.05.  C4H9CCX)Ag.  Calculated ‘yb:  Ag  51.67. 

SUMMARY 

1 .  It  was  demonstrated  that  the  secondary  alcohol  -  diisoinropylcarbinol  -  is  obtained  in  AQPjo  yield  by  inter¬ 
action  of  isopropylmagnesium  bromide  with  ethylformate. 

2.  hi  the  case  of  interaction  between  isopropylmagnesium  bromide  and  the  chloranhydride  of  isovaleric  acid, 
the  reaction  goes  in  the  direction,  principally,  of  the  formation  of  secondary  alcohol,  isopropylisobutylcarbinol, 
which  is  the  product  from  the  reduction  of  the  ketone, RCOR^,  and  of  die  ester  which  is  the  product  of  esterification 
of  this  alcohol  with  isovaleric  acid. 
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SELECTIVE  MALONIC  SYNTHESIS 


V.  P. Golmov 


The  malonic  synthesis,  involving  dihaloid  derivatives,  has  not  yet  been  studied  insufficient  detail.  As  is 
known,  the  reaction  proceeds  mainly  in  three  directions  upon  interaction  of  sodium  malonic  ester  with  dihaloid  de¬ 
rivatives  and  forms  the  following  mixture  of  products: 

(I)  X(CH,)nX  +  NaCHCCOOCjHs),  -►  X(CH,)nCH(CCXX:,H5),. 

(II)  X(CH,)hCH(COOC,H5),  +  NaCHCCOOCjHj),  — ►  (C,H5.0CO),CH(CH,)nCH(COOC,H5),. 

(Ill)  X(CH,)nCH(COOC,H5),  —  (£^|^(COOC,H5),. 

Up  to  the  present  time,  a  reaction  of  the  type  given  was  conducted  ixrimarily  for  the  purpose  of  obtaining 
the  esters  of  cyclic  or  of  polybasic  acids.  There  are  comparatively  few  known  works,  the  purpose  for  which  was 
found  to  be  the  derivation  of  intermediately- formed  esters  of  the  halogen- substituted  alkylmalonic  acids;  thus  the 
conditions  for  the  formation  of  these  substances,  and  also  their  reactions,  have  received  little  study. 

The  following  haloidsubstituted  monoalkylmalonic  esters  are  described  in  the  literature:  1)  0-chlorethyl- 
malonic  ester,  obtained  by  N.Ya.Demyanov  and  V.V.feofilaktov  [1]  through  the  addition  of  HCl  to  cyclopropane- 
1, 1-cyanocarboxylic  ester  in  the  presence  of  alcohol;  2)  8-Bromethylmalonic  ester  [2],  obtained  by  addition  of 
HBr  to  cyclopropane-1, 1-dicarboxylic  ester;  3)  y-chlorpropylmalonic  ester  [3];  4)  y-brompropylmalonic  ester  [4]; 
5)  y-iodopropylmalonic  ester  [5],  resulting  from  interaction  of  sodium  malonic  ester  with  3-chlor-l-brompropane, 
1,3-dibrompropane  and  3-chlor-l-iodopropane;  6)  y-chlorisobutylmalonic  ester,  obtained  by  B.A. Kazansky  and  M. 
Yu. Lukina  [6]  from  sodium  malonic  ester  and  3-chlor-l-brom-2-methylpropane;  7)  6 -chlorbutylmalonic  ester  [26], 
resulting  from  sodium  malonic  ester  and  4-chlor-l-brombutane;  8){: -iodhexylmalonic  ester,  obtained  by  V.P.  Gol¬ 
mov  [7]  from  sodium  malonic  ester  and  hexamethylene  iodide;  9)  8-bromoctylmalonic  ester  [27],  resulting  from 
addition  of  brommalonic  ester  to  octene-1,  and,  finally,  10)  k  -bromdecylmalonic  ester  [8],  derived  from  sodium 
malonic  ester  and  decamethylene  bromide.  Upon  the  interaction  of  equimolecular  quantities  of  sodium  malonic 
ester  and  a  dihaloid  derivative  containing  two  atoms  of  one  and  the  same  halogen,  the  corresponding  haloid- 
substituted  alkylmalonic  ester  results  in  negligible  yield. 

The  author  of  the  ixesent  article  has  demonstrated  [9]  that  y  -brompropylmalonlc  ester  can  be  obtained  with 
a  yield  70^  of  theory  if  there  can  be  removed  at  the  same  time  the  side  reactions  of  formation  of  the  ester  of 
cyclobutane-l,l-dicarboxylic  acid  and  also  the  ester  of  pentane-1,1, 5, 5-tetracarboxylic  acid  (reactions  II  and  III). 
Reaction  (III)  can  be  retarded  by  using  a  large  excess  of  malonic  ester,  whose  presence  in  the  reaction  mixture 
shifts  reversible  reaction  (IV)  to  the  left: 

IV.  BrCH,CH,CH,CH(COOC,H5),  +  NaCH(COOC2H6),  ^  BrCH,CH,CH2CNa(COOC,H5),  +  CH,(CCXX:,H5),. 

and  decreases  the  concentration  of  sodium-y -brompropylmalonic  ester,  and  consequently  the  cyclization  speed  of 
the  latter. 

Reaction  (U)  can  also  be  suppressed  to  a  considerable  degree  if  a  large  excess  of  trimethylene  bromide  is 
used,  together  with  the  excess  of  malonic  ester,  in  accordance  with  the  law  of  mass  action.  Similar  results  were  ob¬ 
tained  by  the  author  [7]  upon  reaction  of  hexamethylene  iodide  with  sodium  malonic  ester,  and  by  Ziegler  [8]  upon 
reaction  of  decamethylene  bromide  with  the  latter. 

In  the  present  work  we  have  tried  first  of  all  to  explain  to  what  extent  the  given  procedure  is  applicable  for 
obtaining  haloidsubstituted  alkylmalonic  esters  with  other  alkyl  radicals.  For  this  purpose,  we  have  reacted  sodium 
malonic  ester  with  a  series  of  dihaloid  derivatives,  the  atoms  of  which  halogen  are  located  in  positions  1,2;  1.3; 

1.4  and  1.5  to  each  other. 
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The  results  of  these,  and  also  of  earlier  described  experiments  [7,5,9],  led  to  the  following  conclusions. 
Upon  reacting  sodium  malonic  ester  with  1,3;  1,5  and  1,6  dihaloid  derivatives  with  unbranched  chain,  the  cor¬ 
responding  haloid-substituted  alkylmalonic  esters  are  formed  in  good  yields,  the  amount  of  which  is  determined 


by  the  excess  of  dihaloid  derivative.  It  can  be  calculated,  beforehand,  what  yield  of  haloid -substituted  alkyl¬ 
malonic  ester  will  be  obtained  in  each  individual  case,  upon  applying  a  given  excess  o{  dihaloid  derivative. 

This  calculation  is  based  upon  the  following  theoretical  considerations. 
(II)  are  expressed  by  the  following  equations: 

The  speeds  of  reactions  (I)  and 

dx 

—  =  ki(a-x)(b-x-y). 

(D 

^  =  k,(x-yXb-x^). 

(H) 

where :  a  and  b  =  initial  concentrations  of  the  dihaloid  derivative  and  the  sodium  malonic  ester,  and  x  and  y 
=  the  concentrations  of  the  products  of  reactions  (I)  and  (II)  formed  ia  timi'^t  If  k^  is  taken  to  be  equal  to  k|, 
which  is  quite  justifiable  experimentally,  as  can  be  seen  from  the  data  of  table  1,  then  horn  the  equations 
for  the  reaction  rates  is  obtained: 

dy  _  X— y 
dx  .  a-x 

(no 

Integrating  ec^ation  (U),  there  is  found: 

x-y  =  2.3(a-xlog^ 

(IV) 

Taking  x  -t-  y  as  100^,  die  yield  of  haloidsubstituted  alkylmalomc  ester  (x-^)  can  be  calculated.  In  Table  i 
the  calculated  results  are  compared  with  the  yields,  obtained  eifierimentally  at  vaiious  values  for  a. 


Upon  reaction  of  sodium  malomc  ester  with  1,4'dibroiibderivatives,  by  the  application  of  as  much  as 
4  times  the  quantity  of  malonic  ester  as  against  theory  it  is  still  not  possible  to  decrease  to  any  considerable 
degree  the  cyclization  of  5  -bromalkylmalonic  ester  and  thus  the  principal  reaction  product  is  found  to  be  in 
this  case  the  compound  with  a  five*membeied  ring  for  the  molecule  and  the  5*bromalkylmalonic  ester  is 
formed  in  yield  only  3-6<]|b  of  the  theoretical.  The  reason  for  such  poor  yield  is  apparently  the  large  ocmstant 
f(x  rate  of  formation  of  the  five-membered  ring:  thus,  even  with  a  negligible  concentration  of  the  sodium 
derivative  of  5-bromalkylmalonic  estei  in  the  reaction  mixture,  the  reaction  is  directed  principally  in  the 
direction  of  formation  of  the  compound  with  a  five  membered  ring,  which  results  in  a  yield  about  75^  of  the 
theoretical.  This  assumption  is  in  agreement  with  the  data  in  Table  3  of  the  present  work  and  also  with 
the  experiments  of  Freundlich  and  Solomon  [24]  which  had  to  do  with  measuring  the  rate  constant  f(x  the 
formation  of  various  cyclic  imines.  The  results  of  their  measurements  demonstrate  that  the  rate  constant 
for  the  formation  of  the  five^nembeied  rmg  is  approximately  800  times  greater  than  that  of  three^1lembeted 
and  70  times  larger  than  of  the  six-membered  ring.  Bennett  and  co-workers  [25],  examining  the  relative 
ease  of  cyclization  of  B-  andSe-chlorsulfites,  have  also  found  that  the  rate  constant  for  the  formation  of  the 
five^nembered  ring  is  76  times  greater  than  that  of  the  six-membered. 


TABLE  1  The  same  low  yields  of  in¬ 

termediate  products  are  obtained  upon 
interaction  of  sodium  malonic  ester 
with  1,2-dihaloid  derivatives.  The 
authors  were  not  able  to  obtain  the 
0-b.romethylmalotuc  ester  by  reacting 
sodium  malonic  ester  with  ethylene 
bromide-  when  ethylene  chloride  was 
used,  the  resulting  B-chloiethylmalonic 
ester  re.sulted  in  yield  of  only  of 
theory.  The  principal  reaction  product 
in  both  cases  is  cyclopropane-l,l-dicar- 
boxylic  ester.  The  reason  for  such  a 
peculiar  course  of  action  is  not  clear.  B  is  apparently  not  possible  to  assume  that  the  results  obuined  are  condi¬ 
tioned  by  the  large  rate  constant  foi  formation  of  the  three-membered  ring,  because  cycloix^opane-l,l-dicarboxylic 
ester  results  from  6-bromethyl  malonic  ester,  according  to  the  data  of  Kuster  and  Grassner  [2]  with  a  poorer 


Substance 

[  hac>  i^dalkylmalonic  ester 

yield  (in  <5l») 

a  =  100<?b 

a  =  200^ 

a  ='400<?b 

BrC  H,CH,CH,C  H(C00C,H5), 

36.0 

- 

70.3 

ICH,CH,CH,CH(CCXX:,H,), 

41.4 

58.0 

- 

BrC  H,(CH,),CH,CH(C00C,H5), 

40.9 

60.4 

- 

ICH,(CH,)^H,CH(C00C,H5), 

'  33.8 

51.9 

- 

BiCH(CH,),CH,CH(COOC,H5), 

j 

I  “ 

64.4 

1 

— 

Average 

38.0  , 

58.7 

70.3 

Calculated  by  formula  (IV) 

36.6 

60.6 

78.4 

1994 


p 


yield  than,  for  example,  cyclobutane-1,  l-dicarboxylic  ester  from  y-brompropylmalonic  ester  [10]  (Table  3);  how* 
ever,  under  the  same  conditions,  the  latter  results  in  a  yield  of  70^  of  theory  [9], 

Thus,  the  results  of  out  experiments  demonstrate  that  to  obtain  6-  or  6 -haloid alky Imalonic  estefs  by  the 
use  of  malonic  ester,  it  is  disadvantageous  to  proceed  from  the  symmetrical  dihaloid  derivatives.  F(x  derivation 
of  6 -bromalkyl  malonic  esters,  a  second  method  described  below  can  be  employed,  namely  the  addition  of  hyd¬ 
rogen  bromide  to  the  alkenylmalonic  esters.  As  is  known,  the  y-brompropylmalcmic  ester  was  obtained  by  this 
procedure  from  allylmalonic  ester  [10],  and  also  xi -bromdihydrocinnamylidenemalonic  ester  from  ciimamylidene 
ester  [11].  In  the  present  work  we  have  synthesized  a  new  alkenylmalonic  ester  by  reacting  sodium  malonic 
ester  with  5-bromhexene-l,  namely  c -methyl- 6 -pentenylmalonic  ester  CH|=CHCH|CH|CH(CHj)CH(COC)C|H|)j. 
Upon  addition  of  HBr  to  it  in  ether  solution  ,  a-brom- 6 -methylamylmalonic  ester  results  in  the  fcwm  of  a  ster- 
eoisomeric  mixture,  the  structure  of  which  was  proven  by  its  method  of  cyclization,  at  which  time  there  re¬ 
sulted  a  mixture  of  stereoisomeric  2,5-dimethylcyclopentane-l, l-dicarboxylic  esters,  described  earlier  by  Wis- 
licenous  [12]  and  also  by  Jacobs  and  Florsheim  [13]. 


e-iodamylmalonic  ester  was  also  obtained  by  reacting  sodium  iodide  with  c-bromamylmalonic  ester. 

In  Table  2  the  physical  properties  of  the  haloidsubstituted  alkylmalonic  esters  obtained  by  us  are  compiled. 


TABLE  2 


Having  obuined  the 


Substance 

Boiling 

point 

dl* 

"D 

C1CH,CH,CH(C00C,H5), 

122-123*  (3  mm) 

1.1300/17* 

1.4425/17* 

C1CH,CH,CH,CH(C00C,H5),  [3] 

136*  (5mm) 

1.1010/21* 

1.4434/21* 

BrCH,CH,CH,CH(COOC,H5), 

132-134*  (4  mm) 

1.2834 

1.4590 

BrCH,(CH0tCH,CH(COOC,H5i 

133-136*  (2  mm) 

1.2667 

1.4594 

BrCH,(CH,),CH,CH(COOC,H5), 

143-144*  (U5mm)! 

1.2310 

1.4609 

CH,CHBrCH,CH,CHCH(COOC,H5),  • 

145-147*  (2  mm) 

1.2054 

1.4605 

CHj 

CHjCHBtCHCH,CHCH(COOC,H6)|  •  * 

143-144*  (2  mm) 

1.2075 

1.4616 

CH, 

ICH,CH,CH,CH(C00C,H5), 

138*  (1.5  mm) 

1.4601 

1.4869 

ICH,(CH^jCH,CH(COOCtH5), 

162*  (3  mm) 

1.3808 

1.4844 

ICH,(CH^^H,CH(C00C,H5),  [7] 

168*  (2  mm) 

1.3433 

1.4839 

above-described  haloid-sub¬ 
stituted  alkylmalonic  esters, 
we  have  utilized  them  to 
solve  the  question  of  the  rela¬ 
tive  ease  of  formation  of  the 
smaller  polymethylene  rin^ 
under  the  conditions  of  mal¬ 
onic  synthesis.  This  question 
cannot  be  regarded  as  fully 
clarified  up  to  the  present, 
because  in  the  {^receding 
works  based  upon  a  given  course, 
wherein  derivation  of  cyclic 
esters  was  conducted  without 
isolation  of  the  intermediate 
products  [14,  15,  16]  it  is 
impossible  to  make  proper 


deductions,  because  of  the  side  reactions  which  distort  the  true  picture  of  cyclization. 


Certain  polymethylene-1, l-dicarboxylic  esters  have  already  been  earlier  derived  from  haloidsubstituted 
alkylmalonic  esters.  Thus,  V.  P.  Golmov  and  B.  A.  Kazansky  [3]  obtained  cyclobutane-1, l-dicarboxjlic  ester  from 
y-chlorpropylmalojjic  ester  by  reaction  of  the  latter  with  sodium  alcoholate.  Wibaut  and  coworkers  [17]  have  ob¬ 
tained  tile  same  ester  by  reacting  solid  caustic  potash  with  y-brompropylmalonic  ester.  The  cyclization  of  y- 
chlorisobutylmalonic  ester  was  also  accomplished,  with  the  aid  of  sodium  alcoholate,  by  B.  A.  Kazansky  and  M. 
Tu.  Lukina  [6],  of  y-brompropylmaloiic  ester  by  Walborsky  [10],  of  B -bromethylmalonic  ester  by  Kuster  and  Gras- 
SHcr  [2],  and  of  C-iodhexylmalonic  ester  by  V.P.  Galmov  [7].  The  results  of  these  works  demonstrate  that  three- 
and  fbur-membered  rings  are  formed  with  ease  and  in  good  yields,  with  the  help  of  the  method  given.  On  the 
other  hand,  it  was  found  that  seven^nembered  rings  are  formed  with  more  difficulty  under  these  conditions  than 
the  others. 


In  the  present  work,  the  above-mentioned  data  are  supplemented  by  information  on  the  relative  ease  of 
formation  of  compounds  with  five- and  six-membered  rings  from  6-  and  frhaloidalkylmalonic  esters.  In  view 
of  the  fact  that  ^rombutylmalonic  ester  was  not  obtained  in  quantity  sufficient  for  the  purpose  of  experimen¬ 
tation  with  five-membered  rings,  it  was  necessary  that  we  limit  ourselves  to  the  cyclization  of  only  6-brom-a- 
methylamylmalonic  ester. 

For  comparison,  y-iodpropyl-  and  c-iodamylmalonic  ester  were  also  subjected  to  cyclization,  at  which 
time  it  was  found  that  the  nature  of  the  halogen  has  little  effect  upon  the  yield  of  cyclic  product.  Finally,  in 
view  of  the  fact  that  concentration  of  y -brompropylmalonic  ester,  described  earlier  [10],  wascanied  out  in 
•  From  meso-2,5-dibromhexane  and  sodium  malonic  ester 
••  From  a-methyl-6-pentenylmalonic  ester 
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considerably  diluted  solution  we  have  repeated  these  experiments  in  solution  of  high  concentration.  The  data  ob¬ 
tained,  which  characterize  the  relative  ease  with  which  different  rings  are  formed,  by  the  malonic  synthesis,  are 
compiled  in  Table  3. 

table  3  EXPERIMENTAL 

Malonic  ester,  hav¬ 
ing  a  b.p.  of  195*  (704  mm), 
dj®  1.0537:  n{j®  1.4140,  served 
as  the  initial  starting  material. 

6  -Brombutylmalonic 
Ester 

The  tetramethylene 
bromide  required  for  the  ex¬ 
periment  given  was  obtained 
by  the  method  of  Marvel  and 
Tannenbaum  [18].  Modifi¬ 
cations  consisted,  first  of  all,  in  obtaining  the  ester  of  y -phenoxybutyric  acid  which  is  sensitive  to  reduction,  not 
from  the  nitrile  of  y-phenoxybutyric  acid,  as  did  the  above-cited  authors,  but  rather  by  the  esterification  of  y- 
phenoxybutyric  acid,  which  was  prepared  from  sodium  malonic  ester  and  6-bromphenetole  [19,20];  secondly,  for 
the  reduction  of  the  ester  of  y-phenoxybutyric  acid,  the  author  applied  the  method  of  Prins  [21],  through  which  the 

5- phenoxybutyl  alcohol  is  obtained  more  conveniently  than  in  absolute  alcohol  medium. 

Reduction  of  y -Phenoxybutyric  Acid  Ester.  35  g  of  y-phenoxybutyric  acid  ester,  dissolved  in  100  ml  of 
sulfuric  ether,  was  placed  in  a  flask  equipped  with  mechanical  stirrer  and  dropping  funnel,  and  containing  50  ml 
of  a  saturated  solution  of  sodium  acetate.  22  g  of  metallic  sodium  was  gradually  added  at  a  temperature  of  from 
-5*  to  -2*,  with  slow  mixing,  and  simultaneously,  ZQPjo  acetic  acid  dropwise.  After  completion  of  reaction,  water 
was  added  until  the  precipitated  salt  dissolved,  the  upper  layer  was  separated,  and  the  lower  was  extracted  once 
with  ether.  The  ether  solution  was  dried  with  anhydrous  potash,  the  ether  distilled  off,  and  the  residue  distilled 
in  vacuo,  upon  which  the  6  -i^ienoxybutyl  alcohol  boiled  in  die  range  145-150*  at  10-12  mm.  It  was  in  the  form 
of  a  colorless,  oily  liquid,  which  solidified  into  a  crystalline  mass  upon  standing.  Yield  on  the  average  was  17  g 
or  60<5b  of  theoretical. 

The  tetramethylene  bromide  derived  from  the  6 -phenoxybutyl  alcohol  upon  reaction  of  the  latter  with 
hydrogen  bromide  and  sulfuric  acid  mixture  [18],  boiled  at  69*  (7  mm);  d^^  1.8131:  n”  1.5203. 

Reaction  of  Sodium  Malonic  Ester  with  Tetramethylene  Bromide.  5.75  g  (0.25  g-atom)  of  metallic  sodium 
was  dissolved  in  75  ml  of  absolute  alcohol,  and  160  g  (1  mole)  of  malonic  ester  then  added,  followed  by  54  g 
(0.25  mole)  of  tetramethylene  bromide.  The  mixture  was  heated  to  boiling  on  a  bath  for  2  hours,  and  the  re¬ 
action  then  became  neutral.  After  cooling,  water  was  then  added,  the  reaction  i^oducts  were  extracted  with 
ether,  the  ether  extraction  washed  with  water,  dried  with  anhydrous  calcium  chloride,  the  ether  distilled  off, 
and  the  residue  fractionated  in  vacuo,  during  which  time  three  fractions  resulted:  1)  b.p.  up  to  84*  (mainly 
69-74*)  at  4  mm  -  165  g:  2)  b.p.  84-92*  at  3  mm  -  23  g;  3)  b.p.  135-138*  at  3  mm  -  2.7  g  Negligible  residue 
remained  in  the  flask  after  boiling  as  above. 

The  84-92*  fraction,  upon  repeated  distillation,  boiled  mostly  at  83*  (3  mm)  and  represented  cyclopentane,- » 

l, 1-dicarboxylic  ester  (yield  86<J1>):  dj®  1.0490:  oq  1.4435:  MRjj  54.02;  calculated  54.11. 

The  135-138*  fractions,  combined  from  the  experiments,  after  repeated  distillation  in  vacuo  boiled  at 
133-136*  at  2  mm,  and  judging  from  the  constants  and  the  analysis  results,  repiesented  impure  5  -brombutyl¬ 
malonic  ester,  (yield  3.6*55)  of  theoretical);  d*®  1.2567;  n”  1.4594;  MI^  64.22:  calculated  64.07. 

0.2243  g  substance:  0.3705  g  CO|;  0.1347  g  H|0:  0.4337  g  substance:  0  2670  g  AgBr.  Found  fo:  C  45.06. 

H  6.67;  Br  26.22.  CiiHi/)4Br  Calculated ‘Jb;  C  44.75;  H  6.44;  Br  27.12. 

6 - Brom- g -methylmalonic  Ester 

6.9  g  (0.3  g-atom)  of  metallic  sodium  was  dissolved  in  75  ml  of  absolute  alcohol.  192  g  (1.2  mole)  of 
malonic  ester  was  added  to  the  alcoholate  solution,  and  then  73.2  g  (0.3  mole)  of  meso-2,5'dibromhexane, 

m. p.  38-39*,  obtained  by  addition  of  hydrogen  bromide  to  5-bromhexene-l.  The  mixture  was  heated  on  a  bath 
to  boiling  for  6  hours,  and  then,  after  cooling,  was  diluted  with  water,  acidified  with  sulfuric  acid,  the  reaction 
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products  extracted  with  ether,  the  ether  extract  i  washed  with  water,  dried  with  anhydrous  calcium  chloride,  the 
ether  distilled  off,  and  the  residue  fractionated  in  vacuo.  During  this  time  the  following  fractions  resulted:  1)  b.p. 
up  to  78*  at  2  mm  (mixture  of  malonic  ester  with  2,5-dibromhexane)  -  205g;  2)  b.p.  100-108*  at  4  mm  -  18.3  g: 

3)  b.p.  145-147*  at  2  mm  -  5.4  g.  A  negligible  residue  remained  in  the  flask. 

The  100-108*  fraction,  upon  repeated  distillation  in  vacuo,  boiled  mainly  at  90-91*  (1.5  mm)  and  was  found 
to  be  the  ester  of  cis-2,5-dimethylcyclopentane-l,l-dicarboxylic  acid.  9.7  g  of  the  latter  acid  was  saponified  by  al- 
cholic  KOH,  the  alcohol  distilled  off,  the  residue  diluted  with  water  and  acidified  with  sulfuric  acid.  During  this 
time  there  was  precipitated  7.7  g  (90'^  of  theory)  of  crystalline  substance,  which  boiled  at  81*  after  recrystalliza¬ 
tion  from  aqueous  formic  acid  [13],  and  represented  the  acid  ester  of  cis-2,5-dimethylcyclopentane-l,l-dicarbox- 
ylic  acid. 

The  145-147*  fraction  was  found  to  be  impure  ester  of  6-brom-  a -methylamylmalonic  acid  (yield  5.6  ^  of 
theoretical):  d^"  1.2054;  n|}  1.4605;  MRq  73.39:  calculated  73.31. 

0,1834  g  substance:  0.3273  g  CO|:  0.1205  g  HgO.  0.3827  g  substance:  0.2142g  AgBr.  Found  C  48.66; 

H  7.31:  Br  23.93:  Ci,H„04Br.  Calculated  C  48.30:  H  7.12;  Br  24.73. 

a-  Methyl-5 -pentenylmalonic  ester 

To  a  solution  of  alcoholate,  obtained  from  11.5  g  (0.5  g-atom)  of  metallic  sodium  and  130  ml  of  absolute 
alcohol,  160  g(l  mole)  of  malonic  ester  was  added  [20],  followed  by  82  g  (0,5  mole)  of  5-bromhexene-l.  The  mix¬ 
ture  was  heated  on  a  bath  to  boiling  for  12  hours,  then,  after  cooling,  was  diluted  with  water,  acidified  with  sul¬ 
furic  acid,  the  reaction  products  extracted  with  ether,  the  ether  extracts  washed  with  water,  dried  with  anhy¬ 
drous  calcium  chloride,  the  ether  distilled  off,  and  the  residue  fractionated  in  vacuo.  At  first  a  few  grams  of  the 
initial  bromide  (up  to  70*  at  4  mm)  came  over,  then  71  g  of  malonic  ester  (71-73*  at  4  mm)  and  finally  91  g  of 
a -methyl- 6 -pentenylmalonic  ester  of  b.p.  110-111*  at  2  mm.  The  resulting  ester  was  in  the  form  of  a  colorless 
oily  liquid,  almost  odorless  (yield  75. 2<^  of  theoretical): 

dj®  0.9809;  nJJ  1.4397;  MRjj  64.96:  calculated  65.08. 

0.1112  g  substance;  0.2630  g  CO,:  0.0910  g  H,0.  Found  C  64.50:  H  9.09.  CuHa^O^. 

Calculated  C  64.46;  H  9.09. 

•I 

12  g  of  the  substance  was  saponified  while  heating  by  a  solution  of  10  g  KOH  in  50  ml  of  9&Jo  alcohol  for 
1.5  hours,  the  liquid  diluted  further  with  water,  and  the  alcohol  distilled  off,  the  residue  acidified  by  sulfuric  acid 
and  extracted  5  times  with  ether.  The  ether  extraction  was  dried  with  anhydrous  calcium  chloride,  and  after 
vaporization  of  the  ether,  8.8  g  (95.67o  of  theory)  of  the  dicarboxylic  acid  was  deposited,  which,  after  two  re-  r- 

crystallizations  from  benzene,  had  a  stable  melting  point  of  106-107*.  I 

h 

0.2134  g  substance:  0.4538  g  CO,;  0.1440  g  H,0.  Pound'll):  C  58,04;  H  7.45.  C9H,404.  *« 

Calculated  <7o:  C  58.06:  H  7.53. 

7.8  g  of  a-methyl-6ipentenylmalonic  acid  was  heated  for  2  hours  in  a  small  flask  with  a  reflux  condenser, 
in  a  bath  of  Wood’s  metal  to  180-200*.  The  liquid,  5-methylheptene-l-ic  acid-6,  remaining  in  the  flask,  boiled  at 
229-231*  (709  mm)  upon  distilling  from  a  Wurtz  flask.  The  yield  was  4.8  g,  or  81.3‘^l)  of  theoretical;  d*®  0.9358; 
nfj  1.4420:  MRjj  40.14;  calculated  40.21. 

0.2572  g  substance:  0.6354  g  CO,;  0.2296  g  H,0.  Found  C  67.38;  H  9.92.  CgH^jO^. 

Calculated  C  67.60;  H  9  86. 

Addition  of  HBr  to  a -methyl-  5 -pentenylmalonic  Ester.  30  g  of  a  -methyl-  6  -pentenylmalonic  ester  was 
dissolved  in  50  ml  of  ether  and  gaseous  hydrogen  bromide  was  passed  through  the  solution  cooled  in  a  mixture  of 
snow  and  salt,  to  an  increase  in  weight  of  23  g  After  standing  overnight  at  room  temperature,  the  liquid  was 
poured  into  water,  the  reaction  product  separated,  washed  with  dilute  soda  solution,  then  with  water,  dried  with 
anhydrous  calcium  chloride,  the  ether  distilled  off,  and  the  residue  distilled  in  vacuo.  At  the  same  time,  about 
10  g  of  initial  unsaturated  ester  was  recovered  (b.p.  112-113*  at  2.5  mm)  and  20.8  g  of  fraction  distilling  at 
143-144*  (2.5  mm)  and  representing  6-brom-  a -methylamylmalonic  ester  (a  mixture  of  stereoisomers):  dj®  1.2075; 
i^®  1.4616;  MRj)  73.49;  calculated  73.31. 

0.2429  g  substance:  0.4298  g  CO,;  0.1557  g  H,0.  0.2903  g  substance:  0.1682  g  AgBr.  Found  C  48.21; 

H  7.12;  Br  24.67;  Ci,H,,04Br.  Calculated  C  48.30:  H  7.12:  Br  24.73. 

The  substance  was  in  the  form  of  a  colorless,  oi]^  liquid  with  the  odor  of  haloidalkylmalonic  ester. 
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The  yield  (taking  into  account  the  initial  substance  recovered)  was  78.  of  theory. 

Cyclization  of  5-brom-  g -methylmalonic  ester.  36  g  (0.11  mole)  of  6-brom-a-methylamylmalonic 
ester  was  added  to  an  alcoholate  solution  prepared  from  2.6  g  (0.11  g-atom)  of  metallic  sodium  and  60  ml  of 
absolute  alcohol.  Vigorous  reaction  took  place,  with  strong  evolution  of  heat  from  the  mixture,  and  precipi¬ 
tation  of  sodium  bromide.  The  mixture  was  further  heated  to  boiling  on  a  bath  for  2  hours,  and  upon  cooling 
was  poured  into  acidified  water,  the  reaction  products  extracted  with  ether,  the  ether  extract  washed  with 
water,  dried  with  anhydrous  calcium  chloride,  the  ether  distilled  off,  and  the  residue  distilled  in  vacuo,  which 
resulted  in  23.4  g  (87. 2*70  of  theory)  of  substance,  boiling  at  105-106*  (4  mm)  dj®  1.0159;  n^  1.4448;  MRjj 
63.35;  calculated:  63.34. 

0.2502  g  substance:  0.5916  g  CO,;  0.2055  g  H,0.  Found  C  64.46;  H  9.12.  Ci3Hai04. 

Calculated  C  64.49;  H  9.12. 

10.2  g  of  the  resulting  ester  was  saponified  with  a  solution  of  10  g  KOH  in  35  ml  of  60°lo  alcohol  for  1  hour. 
After  dilution  with  water,  removal  of  the  alcohol  by  distillation,  and  acidification  of  the  solution  with  dilute  acid, 
the  saponification  product  separated  in  the  form  of  a  thick,  viscous  oil,  partially  crystallizable  upon  standing.  The 
crystals  were  filtered  with  suction  and  after  recrystallization  from  aqueous  formic  acid,  melted  at  81*,  thus  repre¬ 
senting  the  same  acid  ester  of  cis-2,5-dimethylcyclopentane-l,l-dicarboxylic  acid  as  was  obtained  in  the  experiment 
with  2,5-dibromhexane.  A  mixture  of  the  substances  also  melted  at  81*,  by  which  was  finally  proven  their  identity. 

The  part  of  the  saponification  products  which  remained  liquid  was  not  examined  further  because  of  its 
small  volume. 

c-Bromamylmalonic  Ester 

The  pentamethylenebromide  required  for  the  given  experiment  was  prepared  according  to  the  method  of 
Braun  [22]  and  possessed  the  following  characteristics:  b.p.  75-77*  at  3  mm;  dj®  1.6966;  n^  1.5140. 

6.9  g  (0.3  g  atom)  of  metallic  sodium  was  dissolved  in  100  ml  of  absolute  alcohol,  and  192  g  (1?2  mole) 
of  malonic  ester  was  then  added,  followed  by  138  g  (0.6  mole)  of  pentamethylene  bromide.  The  mixture  was 
heated  on  a  bath  with  reflux  condenser  for  four  hours,  and  then  was  poured  into  water,  the  reaction  products 
exuacted  with  ether,  the  ether  extract  washed  with  water,  dried  with  anhydrous  calcium  chloride,  the  ether 
distilled  off,  and  the  residue  fractionated  in  vacuo.  Upon  distillation  there  was  obtained;  1)  a  mixture  of  malonic 
ester  with  pentamethylene  bromide,  b.p.  up  to  80*  at  3  mm  -  234  g;  2)  a  fraction  with  b.p.  151-154*  at  3  mm  - 
56  g,  and  3)  the  distillation  residue  weighing  17  g.  The  yield  of  151-154“  fraction  was  equal  to  60.4^o  of  theory. 

In  the  second  experiment  an  excess  of  pentamethylene  bromide  was  not  used.  From  6.9  g  of  sodium, 

192  g  of  malonic  ester  and  69  g  of  pentamethylene  bromide,  there  was  obtained,  by  the  preceding  method,  38  g 
of  €*bromamylmalonic  ester  (40.9*70  of  theory). 

Upon  repeated  disullation  in  vacuo,  e-bromamylmalonic  ester  boiled  at  144-145“  (1.5  mm)  and  was  in 
the  form  of  a  colorless,  viscous  liquid  with  the  characteristic  odorof  bromalkylmalonic  ester;  d*®  1.2310;  n|) 

1.4603;  MRp  68.86,  calculated  68.69. 

0.2144  g  substance;  0.3657  g  CO,.  0.1316  g  H,0.  0.2583  g  substance:  0.1576  g  AgBr.  Found 

C46  52;  H  6.82;  Bt  26.03  CuH,i04Bt.  Calculated  <7o:  C  46.60;  H  6.80;  Br  25.88. 

From  the  residues  combined  from  the  fust  distillations,  there  was  obtained  when  they  were  distilled  in 
vacuo,  a  fracaon  with  b  p.  190“  at  1  mm,  which  represents  the  ester  of  heptane-1,1, 7, 7~tet.iacarboxylic  acid; 
dj®  1.0710;  ng  1  4460;  Ml^  96.60;  calculated  96.46. 

0.1836  g  subsunce:  0.3950  g  CO,;  0  1372  g  H,0.  Found  «7o:  C  58.67,  H  8.30  CisHaO,. 

Calculated  C  58.76;  H  8.25. 

The  subsunce  was  saponified  with  an  alcoholic  solution  of  caustic  alkali;  the  heptane-1, 1,7, 7-tetracar- 
boxylic  acid  formed  at  the  same  time  was  heated  m  Wood's  metal  to  200*.  The  resulting  azeloic  acid  melted 
at  106-107*  after  recrystallization  from  benzene  [23]. 

Cyclization  of  e-Bromamylmalonic  Ester.  To  a  solution  of  3  g  (1. 13  g-atom)  of  sodium  in  70  ml  of  ab¬ 
solute  alcohol,  40  g  (0.13  mole)  of  e-bromamylmalonic  ester  was  added.  At  that  time  strong  heat  evolution 
resulted,  and  the  liquid  started  to  boil.  The  mixture  was  further  heated  on  a  bath  for  2  hours,  and  after  cooling, 
water  was  added,  the  separated  oil  extracted  with  ether,  the  ether  extract  "  washed  with  water,  dried  with  an¬ 
hydrous  calcium  chloride,  ether  distilled  off,  and  the  residue  distilled  in  v^uo,Jrom  which  there  resulted  ^ 
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ftaction  with  b.p.  100-103*  at  2  mm  in  the  amount  of  17.8  g  (60.1<7o).  The  residue  from  distillation  weighed  8.5  g. 

The  100-103*  fraction,  upon  repeated  distillation,  boiled  at  100*  (2  mm)  and  rei»:esented  the  ester  of 
cyclohexane-1, 1-dicarboxylic  acid;  d*®  1.0405;  nfj  1.4482;  MI^  58.68;  calculated  58.72. 

€ -lodamylmalonic  Ester 

To  a  solution  of  45  g  sodium  iodide  in  120  ml  of  acetone,  40.2  g  of  £*bromamylmalonic  ester  was  added. 
The  solution  was  heated  to  boiling  on  a  bath  for  2  hours,  during  which  a  greater  part  of  the  acetone  boiled  off, 
water  was  added  to  the  residue  to  dissolve  the  sodium  bromide  which  had  precipitated  during  the  reaction,  the 
reaction  product  was  extracted  with  ether,  the  ether  extract;  washed  with  a  weak  solution  of  hyposulfite,  then 
with  water,  was  then  dried  with  anhydrous  calcium  chloride,  the  ether  distilled  off,  and  the  residue  distilled  in 
vacuo.  41.2  g  of  liquid  of  light  yellow  color,  with  b.p.  162*  at  3  mm,  was  obtained  upon  distillation.  The 
yield  was  89.5<7o  of  theoretical;  d*®  1.3808;  nf^  1.4844;  MRj)  73.81;  calculated  73.72. 

0.1686  g  substance;  0.2490  g  CO|;  0.0912  g  H|0.  0.2178  g  substance:  0.1427  g  Agl.  Found  °lo'. 

C  40.27;  H  6.01;  I  35.41.  Ci,H,i04L  Calculated  C  40.45;  H  5.90;  I  35.67. 

Cyclization  of  £nod am ylmalonic  ester.  40  g  (0.11  mole)  of  €-iodamyl  malonic  ester  was  added  to  theal- 
coholate  solution  from  2.7  g  (0.11  g-atom)  of  metallic  sodium  and  50  ml  of  absolute  alcohol.  After  completion 
of  quite  a  vigorous  reaction,  accompanied  by  strong  heat  evolution  and  separation  of  sodium  iodide,  the  mixture 
was  heated  on  a  bath  to  boiling  for  2  hours.  After  cooling,  water  was  then  added,  the  separated  oil  extracted 
with  ether,  the  ether  extract  washed  with  weak  hyposulfite  solution,  then  with  water,  dried  with  anhydrous 
calcium  chloride,  the  ether  distilled  off,  the  ether  residue  distilled  in  vacuo,  at  which  time  15.7  g  of  cyclo¬ 
hexane-1, 1-dicarboxylic  ester,  with  b.p.  110*  at  4  mm,  passed  over  into  the  receiver.  There  remained  in  die 
flask  7  g  of  viscous,  non-distillable  oil.  The  yield  was  equal  to  61^.6‘)(»  of  theoretical. 

y -lodpropylmalonic  Ester 

160  g  (1  mole)  of  malonic  ester  was  added  to  an  alcoholate  solution  prepared  horn  5.75  g  (0.25  g-atom) 
of  metallic  sodium  and  75  ml  of  absolute  alcohol,  and  then  148  g  (0.5  mole)  of  trimethylene  iodide,  obtained 
by  reaction  of  sodium  iodide  in  acetone  solution  with  trimethylene  bromide,  and  having  a  b.p.  of  83-85*  at  1.5  mm. 
The  reaction  mixture  was  heated  on  a  bath  to  boiling  for  4  hours,  was  then  cooled,  poured  into  water,  the  separated 
oil  isolated,  the  water  layer  extracted  with  ether,  the  ether  extract  combined  with  the  main  bulk  of  reaction 
product,  washed  with  a  weak  solution  of  hyposulfite,  then  with  water,  dried  with  anhydrous  calcium  chloride,  and 
after  removal  of  the  ether  by  distillation,  fractionated  in  vacuo. 

At  first  the  mixture  of  malonic  ester  with  trimethylene  iodide  (the  fraction  with  b.p.  up  to  135*  at  2  mm), 
was  distilled,  at  which  there  passed  over  y-iodpropylmalonic  ester  with  b.p.  135-146*  at  2  mm  in  the  amount  of 
47.6  g  (58%).  Upon  repeated  distillation,  the  product  boiled  chiefly  at  138*  (1.5  mm);  d*®  1.4601;  n^  1.4869; 

MI^  64.60;  calculated  64.49. 

In  the  second  experiment,  without  the  use  of  trimethylene  iodide  excess,  34  g  (41.4%)  of  y-iodiwopyl- 
malonic  ester  was  obtained  from  5.75  g  (0.25  g-atom)  of  sodium,  160  g  (1  mole)  of  malonic  ester  and  74  g 
(0.25  mole)  of  trimethylene  iodide. 

Cyclization  of  y-iodpropyl  ester.  49.2  g  (0.15  g-atom)  of  y-iodpropylmalonic  ester  was  added  to  a  solu¬ 
tion  of  3.5  g  (0.15  g-atom)  of  meullic  sodium  in  80  ml  of  absolute  alcohol.  After  completion  of  the  spontaneous 
heat  evolution,  the  mixture  was  heated  on  a  bath  to  boiling  for  2  hours.  The  flask  contents  were  then  poured 
into  water  acidified  with  sulfuric  acid,  the  reaction  product  extracted  with  ether,  the  ether  extract  washed  with 
a  weak  solution  of  hyposulfite,  then  with  water,  dried  with  anhydrous  calcium  chloride,  and  the  ether  distilled 
off.  The  residue,  upon  distillation  in  vacuo,  boiled  at  91’  (5  mm).  The  yield  was  21  g  of  cyclobutane-1,1- 
dicarboxylic  ester,  which  comprised  70%  of  theory;  dj®  1.0475;  n”  1  4360;  MRq  49.92;  calculated  49.95. 

Cyclization  of  y  -brompropylmalonic  ester.  To  the  alcoholate  solution  obtained  from  6.9  g  (0.3  g-atom) 
of  metallic  sodium  and  160  ml  of  absolute  alcohol,  85  g  (0.3  mole)  of  y -brompropylmalonic  ester  [9]  was  added. 
The  mixture  was  heated  on  a  bath  to  boiling  for  4  hours,  after  which  it  was  cooled  and  poured  into  water  acidi¬ 
fied  widi  sulfuric  acid.  The  separated  oil  was  extracted  with  ether,  the  ether  extraction  washed  with  water, 
dried  with  anhydrous  calcium  chloride,  the  ether  distilled  off,  and  the  residue  distilled  in  vacuo.  There  was 
obtained  43  g  (71.7  %)  of  cyclobutane -1, 1-dicarboxylic  ester,  boiling  at  103*  (10  mm);  dj®  1.0472;  njj  1.4363; 

MRj^  49.97;  calculated  49.95. 
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fl -Chlorethylmalonic  Ester 

160  g  (1  mole)  of  malonic  ester  was  first  added  to  an  alcoholate  solution  from  5.75  g  (0.25  g-atom)  of  met¬ 
allic  sodium  and  75  ml  of  absolute  alcohol,  followed  by  99  g  (1  mole)  of  ethylene  chloride.  The  mixture  was  heated 
on  a  water  bath  to  boiling  for  4  hours,  subsequently  cooled,  poured  into  water,  the  lower  layer  separated,  and  the 
upper  layer  extracted  twice  with  ethylene  chloride.  The  solutions  were  combined,  washed  with  water,  dried  with 
anhydrous  calcium  chloride,  and  the  ethylene  chloride  then  distilled  off  at  ordinary  pressure  with  a  fractionating 
column.  The  residue  was  redistilled  in  vacuo,  and  147  g  of  a  mixture  of  malonic  ester  and  cyclopropane-1,1- 
dicarboxylic  ester  (the  fraction  with  b.p.  80*  at  3  mm)  and  4.5  g  of  substance  boiling  at  121-124*  (3  mm)  were 
obtained.  The  yield  constituted  S'Jfc  of  theoretical,  on  the  basis  of  6 -chlorethylmalonic  ester. 

Fractions  combined  from  the  two  experiments,  with  b.p.  121-124*,  boiled  mainly  at  122-123*  (3  mm)  after 
repeated  distillation:  d^^  1.1300:  n^  1.4425:  MI^d  52.14  [1]:  calculated  51.94. 

The  fraction  with  b.p.  up  to  80*  was  separated,  according  to  the  method  of  Kuster  and  Grassner  [2],  into 
cyclopropane-1, 1-dicarboxylic  ester  with  a  yield  of  64.52*70  of  theory,  by  saturation  of  the  fraction  with  gaseous 
hydrogen  bromide,  fractional  distillation  of  the  mixture  of  malonic  and  6  -brom-ethyl-malonic  esters  formed, 
and  reconversion  of  the  latter  into  cyclopropane-1, 1-dicarboxylic  acid  with  the  help  of  sodium  alcoholate. 

SUMMARY 

1.  Haloid -substituted  alkylmalonic  esters  are  formed  in  good  yields  by  reaction  of  sodium  malonic  ester 
with  1,3-,  1,5-,  and  1,6-dihaloid  derivatives  under  conditions  which  inhibit  the  side  reactions,  the  value  of  which 
is  determined  by  the  excess  of  dihaloid-derivative  used  for  the  reaction,  and  can  be  calculated  beforeHiand. 

2.  When  sodium  malonic  ester  and  1,2-and  1,4-dihaloid  derivatives  are  reacted  under  the  same  condi¬ 
tions,  6-  and  6 -haloidalkylmalonic  esters  are  obtained  in  very  poor  yield,  because  the  reaction  proceeds  further 
with  the  formation  of  cyclic  polymethylene. 

3.  6-Brom-a-methylamylmalonic  ester  is  obtained  by  addition  of  HBr  to  a -methyl- 6 -pentenylmalonic 

ester. 

4.  Upon  reaction  of  sodium  alcoholate  with  haloidalkylmalonic  esters,  a  five-membered  ring  is  formed 
with  the  greatest  of  ease  in  about  90%  yield  of  theoretical,  four-membered  with  a  yield  of  about  70%,  three- 
membered  -  65%,  six-membered,  about  60%  and.seven-membered  -  3%. 

5.  The  nature  of  the  halogen  in  the  haloidalkylmalonic  ester  affects  very  little  the  yield  of  the  cyclic 

ester. 
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SELECTIVE  MALONIC  SYNTHESIS 


II.  REACTION  OF  SODIUM  MALONIC  ESTER  WITH  4-BROM-3-BROMETHYL-2-METHYLBUTANE 

•  V.  P.  Golmov  and  N.  M.  Afanasev 


In  the  preceding  articles  by  one  of  us  [1,2],  it  was  demonstrated  that  y -haloidalkylmalonic  ester  inter¬ 
mediate  i»;oduct  is  obtained  in  good  yield,  up  to  70%  of  theoretical,  by  reaction  of  sodium  malonic  ester  with 
the  bromide  or  iodide  of  trimethylene  under  the  conditions  fav(»able  for  good  inroduct  yield.  Upon  reaction  of 
sodium  alcoholate  with  y-haloidalkylmalonic  ester,  it  transforms  into  a  four-membered  cyclic  compound,  with 
a  yield  also  equal  to  approximately  70%.  As  a  continuing  study  of  the  reaction  of  sodium  malonic  ester  with 
dihaloidoderivatives,  the  authors  in  the  present  work  have  carried  out  an  analogous  reaction  with  4-brom-3- 
bromethyl-2-methylbutane,  for  the  purpose  of  determining  whether  or  not  the  isopropyl  group  conuined  in  the 
molecule  of  initial  dibromide  exerts  any  influence  on  the  yield  of  y -bromalkylmalonic  ester,  and  also  upon 
the  rate  of  cyclization  of  the  latter.  The  method  selected  by  the  authors  for  synthesis  of  the  latter  consisted 
of  reacting  monochlormethyl  ester  with  the  sodium  derivative  of  isopropylmalonic  ester,  of  transformation  of 
the  methoxymethylisopropylmalonic  ester  formed  thereby  into  B  -methoxy-a  -isopropylpropionic  acid,  and  of 
reduction  of  the  ester  of  the  latter  (acid)  into  B -methoxy-a -isoivopylpropyl  alcohol  with  resulting  interaction  of 
it  with  a  mixture  of  hydrogen  bromide  and  sulfuric  acid: 


NaCfCOOCjHs), 
iso  -  LjHj 


CHf-Q-CHtCl 


KOH 


CH,-0-CH,-<j:(COOC.H,), 

iso-C,H7 


CH,-0-CH,-  CH-COOH 
iso  -  CjHy 


C,HgOH 

H,S04 


C  H,-0-C  H,-C  H-COOC,  Hg 
iso-CjH^ 


Na 

moist  ether 


CHj-0-CH,-C  H-CH,OH 
iso  “CjH^ 


HBr 

H,S04 


BrCH,-CH-CH,Br. 
iso  -CgHy 


Execution  of  the  above^entioned  reactions  clarified  the  fact  that  the  liquid  B -methoxy-a -isopropyl- 
propionic  acid,  ("B -methoxymethyl  isovaleric")  acid,  obtained  earlier  by  Simonsen  [3]  by  the  same  method,  in 
reality  is  a  mixture  of  crystalline  B -methoxy-a -isopropylpropionic  acid  (m.p.  37-38*)  with  unsaturated  liquid  a- 
isopropylacrylic  acid,  obtained  earlier  by  Semenov  via  another  method  [4]. 


Upon  reaction  of  sodium  malonic  ester  with  4-trom-3-bromethyl-2-methylbutane,  y -brom- B -isopropyl- 
propylmalonic  ester  is  obtained  in  only  18%  yield,  because  in  the  case  given,  even  under  conditions  which  are 
not  favorable  to  cyclization,  the  reaction  proceeds  further  to  the  formation  of  l-isopropylcyclobutane-3,3-di- 
carboxylic  ester: 

BtCH,-CH-CH,Br  NaCH(C09C|Hg),  ^  BrCH,-CH-CH,-CH(CCX)C,H5),  - >-  iso-CjHtt-CH 

iso-C8H7  iso-CjH7 


(COOCjH,),. 


Under  the  same  conditions,  y-iodopropylmalonic  ester,  for  example,  is  obtained  in  a  yield  of  58%,  and 
the  cyclobutane-1, 1-dicarboxylic  ester  in  negligible  quantity  [2].  Thus  the  isojxopyl  group,  contained  in  the 
molecule  of  original  bromide,  exerts  a  significant  influence  on  the  course  of  selective  malonic  synthesis. 


Upon  reaction  of  sodium  alcoholate  with  the  isolated  y-brom-B-isoixopyliffopylmalonic  ester,  the  latter 
transforms  into  l-isopropylcyclobutane-3,3-dicarboxylic  ester,  with  a  yield  70%  of  theory,  which  is  exactly  the 
same  as  ybrom- or  y-iodpropylmalonic  ester,  into  cyclobutane-1, 1-dicarboxylic  ester. 
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This  points  to  the  conclusion  that  the  isopa-opyl  group  does  not  affect  the  velocity  constant  for  four-membered 
ring  formation,  and  thus  explains  the  unusual  course  for  the  first  phase  of  the  reaction:  it  must  be  admitted 
that  the  reversible  reaction  between  sodium  malonic  ester  and  y-brom- 6 -isopropyl propylmalonic  ester  is 
shifted  to  the  right. 

BrCH,-CH-CH,CH(COOC:,H5),  +  NaCHfCCXJCjHg),  *“  BrCHj-CH-CHj-CNafCOOCjHj),  +  CH,(COOC,H5),. 

I  i 

iso-C|H7  iso-C|H7 

As  the  result,  the  sodium  derivative  of  y-brom-  6 -isppropylpropylmalonic  ester  should  be  formed  in  the  •’ 
reaction  mixture,  during  the  ivocess  of  reaction,  in  increased  concentration,  and  its  cyclization  should  proceed 
more  rapidly  than  with  other  y  -haloidalkylmalonic  esters  with  a  non-branched  carbon  chain. 

EXPERIMENTAL 

As  initial  substances  for  the  present  work  served;  isopropylmalonic  ester,  with  a  b.p.  of  77-79*  at  3  mm 
[5],  obtained  by  reaction  of  sodium  malonic  ester  with  isopropyl  iodide,  and  monochlormethyl  ester,  with  a  b.p. 
of  55-60*  [6].  In  view  of  the  fact  that  the  authors  in  many  cases  have  departed  from  the  directions  contained 
in  the  work  of  Simonsen  [3],  the  experimental  methods  are  cited  in  full, 

Methoxymethylisopropylmalonic  Ester.  11.5  g  (0.5  mole)  of  powdered  metallic  sodium  was  introduced 
into  300  ml  of  dry  ether,  and  thereto  was  added  101  g  (0.5  mole)  of  isopropylmalonic  ester.  During  apjffoximately 
one  hour  all  of  the  sodium  went  into  solution.  50  g  (0.62  mole)  of  chlormethyl  ether  was  then  added  from  a 
dropping  funnel,  with  water  cooling,  at  such  a  speed  as  to  avoid  boiling  of  the  ether.  After  24  hours,  the  reaction 
mixture  was  poured  into  water,  the  ether  layer  separated,  and  the  water  layer  extracted  twice  with  ether.  The 
combined  ether  extracts  were  dried  by  anhydrous  calcium  chloride,  and  the  ether  distilled  off.  The  combined 
residues  from  six  experiments  gave  back,  upon  vacuum  distillauon,  130  g  of  isopropylmalonic  ester  (the  fraction 
with  a  b.p.  of  77-80*  at  3  mm)  and  431  g  of  methoxymethylisopropylmalonic  ester,  boiling  at  100-101*  (3  mm). 

The  yield  amounted  to  75.3%  of  theory,  calculated  on  the  basis  of  isopropylmalonic  ester  entered  into  reaction: 
dj®  1.0223:  n”  1.4320:  MRp  62.41:  calculated  62.54. 

0.3047  g  substance:  0.6534  g  COj:  0.2422  g  HjO.  Found  %:  C  58.48:  H  8.83.  C^HuOs.  Calculated  %: 

C  58.53:  H  8.94. 

Saponification  of  Methoxymethylisopropylmalonic  Ester.  562  g  of  methoxymethyiisopropyl  malonic  ester 
was  gradually  added  to  a  heated  solution  of  347  g  of  KOH  in  1200  ml  of  33%  alcohol.  The  mixture  was  boiled 
on  a  batlt  for  2  hours,  the  alcohol  was  distilled  off  completely,  and  to  the  cooled  residue  was  added  a  small 
excess  of  dilute  sulfuric  acid,  and  the  liquid  extracted  several  times  with  ether.  The  combined  ether  extracts 
were  dried  with  anhydrous  calcium  chloride,  and  the  ether  distilled  off,  and  the  residue  refluxed  on  an  oil  bath 
at  180*,  until  carbon  dioxide  evolution  ceased.  The  decarboxylated  liquid  acid  remaining  was  fractionally  distilled 
in  vacuo,  during  which  time  97  g  of  fraction  was  obtained,  b.p.  69-72*  at  4  mm,  and  201  g  of  fraction  with  b.p. 
103-105*  at  4  mm.  The  latter,  upon  standing,  crystallized  completely. 

g -Isoptopylacrylic  Acid.  The  69-72*  (at  4  mm)  fraction  upon  repeated  distillation  boiled  in  the  range 
185-186*  (708  mm)  and,  judging  from  the  constants  and  results  of  elementary  analysis,  represented  a -isopropyl- 
acrylic  acid.  Yield  37.2%  of  theoretical:  dj®  0.9579:  n^  1.4336:  MR^  31.00:  calculated  30.98. 

0.3030  g  substance:  0  7025  g  COj:  0.2450  g  HjO.  Found  %:  C  63,23:  H  8.98.  QHioOj.  Calculated  %: 

C  63.16:  H  8.77 

The  acid  was  converted  into  the  ch  lor  anhydride  by  reaction  with  phosphorous  pentachloride,  the  former 
of  which  was  inttoduced,  dropwise  and  with  cooling,  into  concentrated  ammonia  solution.  The  amide,  thus 
obtained,  melted  at  104-105*  after  recrystallizationirom  chloroform. 

0.2539  g  substance:  22.1  ml  0.1  N  H1SO4  Kjeldahl.  Found  %;  N  12.19.  C«HiiON.  Calculated  %:  N  12.39. 

The  ethyl  ester  of  a  -isopropylacrylic  acid  was  obtained  by  heating  on  a  water  bath  for  4  hours  with  triple 
the  volume  of  absolute  alcohol,  to  which  was  added  10%  by  volume  of  concentrated  sulfuric  acid.  With  heating 
terminated,  the  mixture  was  poured  into  water,  extracted  with  ether,  ether  extraction  washed  with  water,  dried 
with  CaClj,  the  ester  distilled  off,  and  the  residue  redistilled  at  149-152®  (710  mm).  Yield  78.8%  of  theoretical; 
dj®  0.8950:  nJJ  1.4210;  MRp  40.23;  calculated  40.33. 
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0.1996  g  substance:  0.4941  g  CO,;  0.1783  g  H,0.  Found  <>|t:  C  67.52;  H  9.93.  CiHmO^.  Calculated 

C  67.61;  H  9.86. 

As  evidence  for  unsaturation,  bromine  was  added  to  the  acid.  6.3  g  (0.055  mole)  of  the  acid  was 
dissolved  in  30  ml  of  dry  ether,  and  to  the  solution  was  added,  dropwise,  with  water  cooling,  10  g  (0.062  mole) 
of  bromine.  After  4  hours,  the  reaction  mixture  was  poured  into  water,  agitated  with  a  solution  of  Na,CO,  to 
the  point  of  discoloration,  the  ether  layer  separated,  dried  with  CaCl,,  and  the  ether  distilled  off.  The  residue 
crystallized  almost  completely  upon  standing.  The  crystals  were  sucked  off,  and  after  recrystallization  from 
chloroform,  melted  at  88-89*.  Yield  14  g,  or  62. 1%  of  the  theoretical. 

0.3150  g  substance:  0.4325  g  AgBr.  Found  ’’Jo:  Br  58.76.  C,H,oO,Br,.  Calculated  Br  58.39. 

For  addition  of  bromine  to  the  ethyl  ester  of  a -iso'propylacrylic  acid,  10  g  of  the  latter  was  dissolved  in 
40  ml  of  dry  ether,  and  to  the  solution  was  added  dropwise,  and  with  cooling,  12  g  of  bromine.  After  treatment, 
according  to  the  preceding,  an  oil  was  obtained  with  a  b.p.  of  98-100*  at  4  mm,  representing  the  ethyl  ester  of 
a,6-dibrom-a-isopropylpropionic  acid:  dj®  1.5751;  n”  1.5751;  n^  1.4975;  MRq  56.14:  calculated  56.33. 

0.3415  g  substance:  0.4231  g  AgBr.  Found<)b:  Br  53.00.  C|H]40,Br,.  Calculated  Br  52.98. 

&  -Methoxy-g  -isopropylpropionic  Acid.  The  103-105*  (4  mm)  fraction,  obtained  as  the  result  of  saponifica¬ 
tion  of  methoxymethylisopropylmalonic  ester,  was  found  to  be  B-methoxy*a-isoi»opylpropionic  acid  (yield 
60. 5<^).  After  recrystallization  horn  ether,  it  appeared  as  large,  colorless  crystals,  melting  at  37-38*;  djf  0.9911: 
ng  1.4242:  MRp  37.60:  calculated  37.70. 

0.1964  g  substance:  0.4132  g  CO,;  0  1673  g  H,0.  Found  C  57.38;  H  9.46.  C7H14O3.  Calculated  % 

C  57.53;  H  9.58. 

8  g  of  the  acid  was  added  to  12  g  of  PCI,,  and  the  liquid  mixture  formed  was  fractionated.  The  chlor- 
anhydride  of  6 -me thoxy-a -isopropylpropionic  acid  (b.p.  148-151*;  d*®  1.0226;  1.4307;  MRjj  41.62:  calculated 

41.42)  was  dissolved  in  ether,  which  was  saturated  with  ammonia  and  in  addition  the  solution  was  saturated  with 
NH,;  the  ether  solution  was  steamed  off  to  dryness,  and  the  residue  extracted  with  chloroform;  the  amide  obtained 
from  the  chloroform  solution  melted  at  113*  after  recrystallization  from  water. 

0.1101  g  substance:  7.4  ml  0.1  N  H,S04(Kjeldah]).  Found  <^:  N  9.41.  CtH^OiN.  Calculated  N  9.65. 

For  esterification,  226  g  of  6 -methoxy-a -isopropylpropionic  acid  was  added  to  a  solution  of  62  ml  of 
H,S04  (specific  gravity  1.84)  in  620  ml  of  absolute  alcohol.  The  mixture  was  boiled  on  a  water  bath  for  4  hours, 
then  was  poured  into  2  liters  of  water,  the  ester  separated,  the  water  layer  extracted  with  ether,  the  ether 
extract  combined  with  the  main  product,  washed  with  water,  dried  with  CaCl,,  the  ether  distilled  off,  and 
the  residue  redistilled  in  vacuo,  at  which  time  it  boiled  at  35  mm  in  the  95-97*  range,  yield  236  g,  or  OOP/o  of 
the  theoretical:  dj®  0.9332;  ng  1.4180;  MRq  46.98;  calculated  47.06. 

0.1846  g  substance:  0.4196  g  CO,;  0.1744  g  H,0.  Found  C  61.69:  H  10.49.  C^HijO,.  Calculated 

C  62.07;  H  10.35. 

Upon  saponification  of  the  6  ^^lethoxy -a -isopropylpropionic  acid  ester,  there  is  obtained  a  mixture  of  6- 
methoxy-fl -isopropylpropionic  acid  and  a -isopropylacrylic  acid  of  approximately  the  same  composition  as  upon 
saponification  of  methoxymethylisopropylmalonic  ester. 

S  -Methoxy-a  -isopropylpropyl  Alcohol.  The  authors  applied  the  method  of  Prins  [7]  for  reduction  of  the 
ethyl  ester  of  6 -methoxy-fl -isopropylpropionic  acid,  fiito  a  flask  equipped  with  dropping  funnel,  mechanical 
stirrer,  and  thermometer  reaching  almost  to  the  bottom  of  the  flask,  cooled  by  a  salt-ice  mixttue,  150  ml  of  a 
saturated  solution  of  sodium  acetate  and  70  g  (0  4  mole)  of  6 -methoxy-a -isopropylpropionic  acio  ethyl  ester, 
dissolved  in  210  ml  of  diethyl  ether,  was  added.  56  g  (2.4  g-atoms)  of  metallic  sodium  was  gradually  added, 
with  slow  mixing,  to  the  mixture  at  a  temperature  of  —8  to  —3",  and  acetic  acid  dropwise,  simultaneously. 
Total  addition  took  about  10  hours.  Water  was  then  added  to  dissolve  the  precipitated  salt,  the  ether  was 
separated,  and  the  water  layer  twice  extracted  with  ether.  The  combined  ether  solutions  were  dried  with  anhydrous 
potash,  the  ether  distilled  off,  and  the  residue  fractionated  in  vacuo,  and  the  fraction  collected  boiled  at  92-94* 

(38  mm).  A  considerable  quantity  of  brownish  viscous  mass  remained  m  the  flask.  To  purify  from  the  admixture 
of  initial  ester,  the  alcohol  obtained  was  boiled  with  caustic  potash  solution,  then  salted  out  with  potash,  the 
separated  layer  set  aside,  the  water  layer  extracted  with  ether,  the  ether  extract  '  dried  with  anhydrous  potash, 


and  the  ether  distilled  off.  Upon  distillation  in  vacuo,  the  residue  boiled  at  91-93*  (26  mm),  and  represented 
pure  6-metiioxy-a-isopropylpropyl  alcohol,  in  the  form  of  an  oily  liquid,  turning  yellow  rapidly  in  the  air, 
possessing  a  characteristic  camphor  odor,  and  quite  soluble  in  water.  From  236  g  of  initial  ester,  90  g  of  6- 
methoxy-a -isopropylpropyl  alcohol  was  obtained,  i.e.,  50.5<7oof  the  theoretical  yield:  dj®  0.9112:  n{^  1.4322: 

MRq  37. 5d:  calculated  37.69. 

0.2271  g  substance:  0.5302  g  CO,:  0.2472  g  HjO.  Found  <^5,:  C  63.67:  H  12.10.  Calculated  «fo: 

C  63.64:  H  12.14. 

The  p-nitrobenzoate  of  6 -methoxy-a -isopropylpropyl  alcohol,  obtained  by  the  usual  procedure  of  reaction 
of  p-nitrobenzoyl  chloride  with  alcohol  in  pyridine,  melted  at  236-237*  after  recrystallization  from  alcohol. 

4-Brom-3-brommethyl-2-methylbutane.  76  g  of  6 -methoxy -a -isopropylpropyl  alcohol  was  mixed  with 
380  g  of  hydrobromic  acid  (d.  1.54),  and  to  the  mixture  was  next  added  120  ml  of  sulfuric  acid  (d.  1.84),  and 
the  liquid  boiled  for  6  hours  on  an  oil  bath.  During  the  same  period,  the  mixture  became  intensely  dark.  After 
cooling,  the  liquid  was  poured  into  water,  carefully  agitated  (vigorous  agitation  causes  formation  of  a  very 
suble  emulsion),  the  lower  bromide  layer  separated,  and  the  upper  extracted  4  times  with  ether.  The  ether 
extracts,  combined  with  the  main  bulk  product,  were  washed  with  soda  solutions,  then  with  water,  dried 
with  CaCl,.  the  ether  distilled  off,  and  the  residue  redistilled  in  vacuo.  Upon  distillation,  we  obtained  82  g 
of  heavy  oily  liquid,  becoming  brownish  upon  exposure  to  air,  and  having  a  b.p.  of  82-84*  at  9  mm.  For 
purification,  the  bromide  obtained  was  shaken  twice  with  half  the  volume  of  concentrated  sulfuric  acid, 
then  washed  with  water,  dried  with  CaCl,,  and  redistilled  in  vacuo.  Purified  in  this  manner,  the  4-brom- 
3-brommethyl-2-methylbutane  was  in  the  form  of  a  colorless  heavy  liquid  of  characteristic  odor,  with  a  b.p. 
of  90*  at  13  mm.  Yield  58.9<7o  of  theoretical:  d*°  1,6132:  np  1.5076:  MRq  45.44:  calculated  45.07. 

0.3977  g  substance:  0.4328  g  CO,:  0.1840  g  H,0.  0.3091  g  substance:  0.4762  g  AgBr.  Found 

C  29.68:  H  5,14:  Br  65.61.  CcH^Br,.  Calculated  C  29.51:  H  4.92:  Br  65.57. 

Reaction  of  Sodium  Malonic  Bter  with  4-Brom-3-brommethyl-2-methylbutane.  109  g  (0.68  mole, 

4  times  the  theoretical)  of  malonic  ester  was  added  to  an  alcoholate  solution,  prepared  horn  3.95  g  (0.17  g-atom) 
of  metallic  sodium  and  50  ml  of  absolute  alcohol,  followed  by  85  g  (0,34  mole)  of  4-brom-3-brommethyl-2- 
methylbutane.  The  mixture  was  heated  to  boilmg  on  a  bath  for  4  hours,  after  which  the  reaction  became 
neutral.  After  cooling,  the  reaction  mixture  was  poured  into  400  ml  of  water,  the  reaction  products  separated, 
and  the  water  layer  extracted  twice  with  ether.  The  ether  extracts  combined  with  the  principal  mass  of 
product,  were  washed  with  water,  dried  with  anhydrous  calcium  chloride,  and  the  ether  distilled  off  afterwards, 
and  the  residue  fractionated  in  vacuo  at  6  mm.  From  this  there  was  obtained  138  g  of  fraction  with  b.p. 

76-78*  (a  mixture  of  malonic  ester  with  the  initial  dibromide),  9.5  g  with  b.p.  115-117"  (1-isopropylcyclobutane- 
3,3-dicarboxylic  ester  —yield  of  theoretical),  10  g  with  b.p.  154-158*  (y-brom-  6 -isopropylpropylmalonic 

ester,  yield  18.2  <^0  of  theoretical)  and  10  g  of  residue,  probably  representing  the  ethyl  ester  of  3-isopropylpentane- 
1,1,5,5-tetracarboxylic  acid. 

l-Isopropylcyclobutane-3,3-dicarboxylic  ester  was  a  colorless  liquid,  almost  without  odor:  dj®  0.9966: 
n*J  1.4374:  MRp  63.67:  calculated  63.80. 

0.1771  g  substance:  0.4177  g  CO,:  0.1434  g  1^0.  Found  °}o:  C  64.32:  H  9.00.  Ci3H£(04.  Calculated  <Jo: 

C  64.46:  H  9.09. 

The  154-158*  fracuon,  upon  repealed  distillation  in  vacuo,  boiled  at  155-156*,  and  was  in  the  form  of  a 
slightly  yellowish  liquid  with  an  odor  of  haloid ajkylmalonic  ester:  dJ®  1.2088:  n”  1.4623:  MRjj  73.50:  calculated 
73  31. 

The  substance  gave  a  positive  Beilstein  test  for  halogen. 

0.2571  g  substance:  0.4584  g  CO,:  0.1676  g  H,0.  0.3914  g  substance:  0,2179  g  AgBr.  Found  <7o:  C  48.62; 

H  7  24;  Br  23.70  CijH,P4Br.  Calculated  <7o:  C  48.30;  H  7.12;  Br  24.73. 

Cyclization  of  y-Biom- B -isopropylpropylmalonic  Ester.  1  g  (0. 04  g-atom)  of  metallic  sodium  was  dissolved 
in  49  ml  of  absolute  alcohol,  and  13  g  (0.04  mole)  of  y -brom- B -isopropylpropyl  malonic  ester  was  added  to  the 
alcoholate  solution  after  its  cooling.  The  mixture  was  boiled  on  a  bath  for  several  hours,  until  the  sodium  derivative 
of  the  itutial  bromester,  precipitated  in  the  begmnmg,  was  dissolved.  Subsequently,  the  reaction  mixture  was  cooled, 
poured  into  water,  the  reaction  product  extracted  with  ether,  washed  with  water,  dried  with  CaCl,,  and  the  ether 
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distilled  off.  Upon  distilling  in  vacuo,  5.9  g  of  l-isopropylcyclobutane-3,3-dicarboxylic  ester  was  obtained, 
with  a  b.p.  of  118-12CPat  7  mm,  and  1.9  g  of  initial  bromester  was  recovered.  The  yield  of  cyclic  ixoduct 
was  10.2^  of  the  theoretical,  based  upon  y-brom-isopropylptopylmalonic  ester  used.  The  residue  in  the 
flask  weighed  1  g. 

l-Isopropylcyclobutane-3,3-dicarboxylic  Acid.  To  a  warm  solution  of  42  g  of  caustic  potash  in  150  ml 
of  95^0  alcohol,  was  added  58  g  of  l-isoptopylcyclobutane-3,3-dicarboxylic  ester.  At  the  same  time  a  large 
amount  of  precipitate  separated  out,  which  was  dissolved  upon  addition  of  25  ml  water.  After  2  hours  heating 
on  a  bath  at  the  boiling  point  of  the  liquid,  125  ml  of  water  was  added,  and  the  alcohol  distilled  off  completely. 
The  cooled  residue  was  acidified  with  dilute  (1:1)  sulfuric  acid  and  extracted  7  times  with  ether.  The  ether 
extract'  was  dried  with  calcium  chloride,  and  after  distilling  off  the  ether,  41.5  g  (93. 1<^)  of  crystalline 
acid  was  left,  which,  after  being  recrystallized  three  times  from  benzene,  was  obtained  in  the  form  of  colorless 
flakes,  melting  at  168*. 

0.1758  g  substance:  0.3726  g  CO|:  0.1207  g  H,0.  Found C  57.81:  H  7.63.  C9H14O4.  Calculated 

C  58.06;  H  7.53. 

The  Diamide  of  l-Isopropylcyclobutane-3,3-dicarboxyllc  Acid  was  obtained,  according  to  the  method  of 
Demyanov  and  Telnov  [8]  by  reaction  of  a  concentrated  solution  of  ammonia  with  l-isoprbpylcyclobutane*3,3' 
dicarboxyllc  ester  at  normal  temperature  for  one  month.  After  re  crystallization  from  water,  the  obtained  amide 
melted  with  decomposition  at  211*. 

0.2522  g  suLstahce:"  27r0'ml  0.1  N  l^S04(Kjeldahl.)  Found  N  14.99.  C9Hx|0|N|.  Calculated^: 

N  15.21. 

SUMMARY 

1.  When  sodium  malonic  ester  is  reacted  with  4-brom-3-btommethyl-2-methylbutane,  contrary  to 
y-brom propyl-  and  y-iodopropylmalonic  ester,  there  is  formed  the  y-brom-0-isopropylpropylmalonic  ester 

with  a  yield  of  only  18*^  of  the  theoretical,  because  in  this  instance  the  reaction  goes  further,  with  the  formation 
of  l-isopropylcyclobutane-3,3-dicarboxylic  ester  as  the  principal  product. 

2.  A  branched  chain  in  the  y-brom-0-isopropylptopylmalonic  ester  molecule  does  not  affect  the  rate 
of  cyclization  of  the  latter;  upon  its  reaction  with  sodium  alcoholate,  it  transforms  into  a  four^embered  cyclic 
compound  with  a  yield  10'^  of  theory,  i.e.,  approximately  the  same  as  the  other  y-haloidalkylmalonic  esters, 
that  have  been  studied  up  to  the  present  time. 

LITERATURE  CITED 

[1]  V.  P.  Golmov,  J.  Gen.  Chem.  19,  1679  (1949).* 

[2]  V.  P.  Golmov,  J.  Gen.  Chem.  22,  1948  (1952).  •• 

[3]  Simonsen,  J.  Chem.  Soc.  93,  1777  (1908). 

[4]  Semenov,  Journal  of  the  Russian  Chemical  Society  31,  115  (1899). 

[5]  Conrad,  Bischoff,  Ann.  204,  144  (1880). 

[6]  Syntheses  of  Organic  Compounds  1,  278  (1949). 

[7]  Prins,  Rec.  trav.  chim.  42,  1050  (1923). 

[8]  Demyanov  and  Telnov,  Bull.  Acad.  Sci.  USSR  1937,  533. 

Received  June  6,  1951  Stavropol  Medical  Institute 


*  See  Consultants  Bureau  English  translation  page  1993  ff. 

•  •  See  Consultants  Bureau  English  translation  page  a-109. 


ISOMERISM  OF  ALLENE  HYDROCARBONS  UNDER  THE  INFLUENCE  OF  SILICATES 


IX.  ISOMERISM  OF  HEXADIENE-1,2 

Ya.  M.  Slobodin 


In  1885,  A.  E  Favoisky  [1]  proposed  a  mechanism  for  the  isomeric  transformation  phenomenon  of  the 
hydrocarbon  series  from  which  resulted  the  rule  that  monosubstituted  acetylenes  transform  into 

disubstituted  acetylenes  via  the  corresponding  allene  forms.  These  schemes  did  not  foresee  the  transformation 
of  cumulative  dienes  into  conjugated  dienes.  Later,  A.  E.  Favorsky  considered  these  reactions  to  be  intra¬ 
molecular  regroupings,  where  alcoholic  alkali  functions  in  the  role  of  catalyst  [2]. 

The  isomerism  of  allene  hydrocarbons  is  thought  to  take  three  courses:  1)  transformation  into  mono¬ 
substituted  acetylenes,  2)  transformation  into  disubstituted  acetylenes  and  3)  uansformation  into  conjugated 
dienes. 


Transformation  of  allenes  into  monosubstituted  acetylenes  occurs  easily  upon  heating  with  metallic 
sodium.  In  this  case  the  process  is  not  reversible,  due  to  the  fact  that  the  monosubstituted  acetylene  formed  is 
derived  from  the  reaction  sphere  in  the  form  of  its  sodium  derivative  [1-3].  The  authors,  applying  floridin  as 
the  catalyst,  have  proved  the  reversibility  of  these  transformations  in  the  case  of  allene  and  allylene  [4], 
methylallene  and  ethylacetylene  [5],  asymmetrical  dimethylallene  and  isopropylacetylene  [6],  and  others. 
The  data  obtained  by  us  for  equilibrium  in  the  allene-allylene  system  were  found  to  be  of  the  same  order  as 
the  theoretical  calculations,  based  upon  spectroscopic  data  [7].  Still  earlier,  Kucherov  [8]  and  Favorsky  and 
Debu  [9]  observed  the  transformation  of  asymmetrical  dimethylallene  into  isopropylacetylene. 

The  transformation  of  allenes  mto  disubstituted  acetylenes,  as  well  as  formation  of  the  latter  horn 
monosubstituted  acetylenes,  has  been  observed  frequently.  This  draws  attention  to  the  fact  that  in  a  majority 
of  cases,  upon  transformation  of  monosubstituted  acetylenes  into  disubstituted  acetylenes,  it  is  not  possible 
to  detect  the  corresponding  allenes.  which  are  thought  to  be  inteimediate  forms,  although  their  stability  is 
sufficient  for  at  least  partial  existence  under  the  conditions  of  the  reaction  [14-17]. 

On  the  other  hand,  in  a  majority  of  the  cases,  when  the  principal  products  of  uansformation  of  the 
monosubstituted  acetylenes  are  found  to  be  allenes,  it  is  not  possible,  as  a  rule,  to  find  disubstituted  acetylenes 
in  the  reaction  mixture  [18].  In  addition,  when  allenes  are  uansformed  into  disubstituted  acetylenes,  it  is 
always  possible  to  detect  among  the  reaction  products  smaller  or  larger  quantiues  of  the  monosubstituted 
acetylenes. 

A  review  of  the  literature  data  indicates  that  the  allenes  are  mote  regularly  uansformed  into 
conjugated  dienes  [10-13].  This  also  follows  from  energy  considerations  [19-20]. 


On  the  basis  of  investigations  of  tiansfoimations  of  hydrocarbons  of  tie  series  Cnl^n-i  in  the  presence 
of  silicate,  we  [21-22]  have  expressed  an  assumption  that  the  process  of  isomerism  for  monosubstituted 
acetylenes  should  be  divided  into  two  independent  processes.  The  first  one  consists  in  transformation  of  mono¬ 
substituted  acetylenes  into  conjugated  dlener.,  through  the  mteimediate  allene  forms.  The  second  process, 
independent  of  the  first,  consists  of  transformation  of  monosubstituted  acetylenes  duectly  into  disubstituted 
acetylenes: 
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Proof  of  die  reversibility  of  transformations  of  the  separate  systems  of  this  general  scheme  has  been 
obtained  on  a  sufficient  variety  of  compounds. 

In  the  present  investigation,  the  transformation  of  hexadiene-1,2  in  the  presence  of  floridin  and  of 
chromic  oxide  has  been  studied.  In  the  combmed  dispersion  spectrum  of  the  initial  hydrocarbon  intense 
lines  are  observed  with  frequencies  of  1039,  1096  and  1129  centimeter'^,  which  characterize  the  allene 
grouping.  Lines  in  the  frequency  interval  1600-1700  centimeter'*^,  which  characterize  double  bonds,  are 
completely  absent.  A  very  faint  line  was  detected  with  a  frequency  of  2234  centimeter"*,  indicating  the 
presence  of  small  amounts  (less  than  IC^)  of  disubstituted  acetylene  in  the  hydrocarbon. 

In  the  combined  dispersion  spectrum  of  allene  isomerized  in  the  presence  of  floridin,  frequencies  of 
1039,  1096  and  1129  centimeter  "*  were  weakened.  Lines  with  frequencies  1655  and  1668  centimeters"*, 
characterizing  double  bonds,  appeared.  Moreover,  there  appeared  lines  with  frequencies  of  2123,  2237  and 
2303  centimeter**.  The  frequency,  2123  centimeter"*,  points  to  the  presence  of  monosubstituted  acetylene 
in  the  hydrocarbon  mixture  after  isomerization  m  the  presence  of  floridin.  The  frequencies,  2237  and  2303 
centimeter"*. indicate  disubstituted  acetylene  in  the  isomerized  hydrocarbon.  Moreover,  the  frequency  of 
2303  centimeter:"*  and  the  doublet  of  1302-1330  centimeter  "*  indicate  that  the  acetylene  contains  the 
grouping  CHj-C=C-“.  The  absence  of  the  2247  centimeter  "*  frequency  can  be  considered  as  proof  that 
there  is  not  formed  hexyne-3  in  noticeable  quantity  when  hexadiene-1,2  is  isomerized  in  the  ixresence  of 
floridin. 


A  visual  evaluation  of  the  spectral  line  intensities  indicates  that  the  hydrocarbon  mixture  obtained 
upon  isomerization  of  hexadiene-1,2,  in  the  ixesence  of  floridin  at  230*,  contains  about  unchanged  allene, 
20^  conjugated  diene,  the  same  of  disubstituted  allene,  and  about  IQPjo  of  monosubstituted  acetylene.  At  280* 
the  content  of  unchanged  allene  drops  to  20^  and  the  content  of  conjugated  diene  increases  to  bOPjo.  The  mono¬ 
substituted  and  disubstituted  acetylene  contents  are  practically  unchanged. 

The  data  obtained  affirm  the  assumption  that  the  formation  process  of  the  diene  is  not  correlated  with 
the  formation  process  of  acetylenes.  Each  of  these  transformations  occurs  at  its  own  speed,  and,  diversely, 
depends  upon  the  temperature  conditions  of  the  process. 


Isomerization  of  hexadiene-1,2  in  the  presence  of  chromic  oxide  at  250*  pHroceeds  somewhat  differently. 
Attention  is  drawn  to  the  relatively  high  intensity  of  frequencies  fot  the  monosubstituted  acetylene  combinations, 
which  exceeds  the  frequency  intensity  of  disubstituted  acetylene.  It  is  necessary  to  note  that  in  the  combined 
dispersion  spectrum  of  the  hydrocarbon,  isomerized  with  chromic  oxide,  there  is,  moreover,  a  frequency  of 
2094  centimeter"*,  the  intensity  of  which  is  equal  to  the  frequency  intensity  of  2125  centimeter;  "*.  This 
frequency  points  to  the  presence  of  an  additional  ccHistituent.  After  passing  one  and  the  same  portion  of 
allene  three  times  through  a  tube  with  chromic  oxide  at  250*,  an  intensification  of  the  2094  centimeter'* 
frequency  was  observed.  This  problem  was  not  studied  in  detail 

On  the  basis  of  intensity  comparisons  of  the  frequencies  of  the  combinations,  it  could  be  assumed  that 
the  hydrocarbon  formed  after  a  single  passage  of  the  allene  over  chromic  oxide,  contained  about  65<^  of 
unchanged  allene,  about  15^  of  conjugated  diene,  as  much  of  the  monosubstituted  acetylene,  and  about  bf^  of 
disubstituted  acetylene.  The  data  obtained  are  compiled  in  Table  1. 


TABLE  1 


Catalyst 

Temp. 

1  Content  (in  fa) 

« 

of  the 

Allene 

Conjugated 

1  Acetylene 

experiment 

diene 

Mono¬ 

substituted 

Disubstituted 

Floridin 

230* 

50 

20 

10 

20 

Floridin 

280 

20 

50 

10 

20 

Chromic  oxide 

250 

65 

15 

15  j 

5 

Experiments  with 
chromic  oxide  indicated 
that  the  initial  products 
of  allene  isomerization 
appear  to  be  conjugated 
diene  and  monosubstituted 
acetylene.  The  latter 
transforms  into  disubstituted 
acetylene.  experiments 
with  floridin,  the  mono¬ 
substituted  acetylene  was 


present  only  in  small  quantity  fts  mam  mass  tiansformed  into  disubstituted  acetylene. 


The  work  of  Levina,  Viktorova  and  Eykhfeid  [17],  devoted  to  isomerization  of  hexyne-1  over  chromic 
catalyst,  noted  the  ease  with  which  this  hydrocarbon  transftxms.  In  the  isomerized  hydrocarbon,  the  authors 
found  disubstituted  acetylene  and  conjugated  diene.  Of  the  disubstituted  acetylenes,  according  to  their 
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opinion,  there  can  be  present  in  the  mixture  both  hexyne-2  and  hexyne-3.  The  latter,  in  particular,  is  affirmed 
by  the  presence  in  the  spectrum  of  the  frequency,  2249  centimeter  The  conjugated  diene  was  demonstrated 
by  the  authors  from  its  combination  product  with  maleic  anhydride.  It  was  found  to  be  hexadiene*2,4. 

To  determine  the  nature  of  the  conjugated  diene  formed  in  our  experiments,  the  combined  dispersion 
spectra  of  a  series  of  conjugated  dienes  were  taken.  i  It  was  found  that  only  in  the  case  of 

the  hexdiene-2,4  spectmm  are  there  intensive  lines  with  frequencies  of  1655  and  1668  centimeter  Not 
one  of  the  1,3-dienes  examined  contained  in  its  spectrum  a  line  with  the  frequency  1668  centimeter  **. 

These  data  ate  compiled  in  Table  2. 


TABLE  2 


Hydrocarbons 

Frequencies  of  the  double  bonds  (in  cm"*) 

CH,=CH-CH=CH-CH, 
CH,-CH=  CH-CH=  CH-CHj 
CH,=  C-CH=CH-CHs 

1 

1596  (4),  1603  (4),  1646  (10),  1655  (10) 
1600  (3),  1655  (10),  1668  (6) 

1605  (5),  1659  (10) 

CHj 

CH,=C-CH=(p-CHj 

1600  (1).  1628  (5).  1645  (5).  1657  (5) 

CHj  CHj 

CHj=CH-CH=C-C2H5  1 

1591  (3),  1645  (10) 

ClHs 

CH,=CH-C=CH-CH, 

1586  (3),  1609  (5).  1645  (10) 

CH. 

In  Table  3  ate  quoted,  for 
comparison,  the  combined  dispersion 
spectra  for  the  initial  allene,  the 
allene  isomerized  over  floridin  at 
280‘,  and  the  spectrum  of  hexadiene- 
2,4.  The  latter  was  obtained  by 
regeneration  of  its  crystalline  tetra- 
bromide,  with  a  m.p.  of  181-182*, 
and  boiled  at  82*.  As  can  be  seen 
from  the  data  in  Table  3  all  of 
the  frequencies  of  both  allene  and 
of  hexadiene-2,4  are  contained  in 
the  spectrum  of  the  isomerized 
hydrocarbon.  Moreover,  in  the 
spectrum  there  is  a  series  of  frequencies 
corresponding  to  the  acetylenes. 


On  the  basis  of  the  scheme  stated,  the  isomerization  of  hexadiene-1,2  over  floridin  can  be  presented  in 
the  following  manner : 


CHs 

CH, 

CH, 

1 

U 

CH, 

-  I - ^ 

CH,_ 

C 

III 

CH,"* 

1 

c 

C 

1 

III 

CH, 

CH 

Transformation  of  hexadiene-1,3 


CH, 

CH, 

CH, 

CH, 

1  i 

CH 

1 

CH, _ ^ 

CH  i 

\  \ 

^  CH 

II 

1 

CH^  ~ 

CH 

CH 

II 

1 

C 

CH 

CH 

I 

II 

II 

CH, 

[Cl^,  CH,. 

into  hexdiene-2,4,  on  floridin,  proceeds  very  readily. 


Hexadiene-1,2  was  prepared  by  the  general  method  worked  out  by  Ginsburg  [23].* 


Hexyn-l-ol-3,  required  for  the  synthesis,  was  derived  from  dimagnesium-dibromacetylene  by  reaction 
with  an  equimolecular  mixture  of  butyraldehyde  and  absolute  alcohol  [24-25].  The  derived  carbinol  was 
converted  into  the  corresponding  acetylene  chloride  by  reaction  with  a  mixture  of  thionyl  chloride  and  phos¬ 
phorous  oxychloride.  The  chloride  was  reduced  to  allene  by  a  zinc-copper  couple  in  absolute  alcohol. 


CH 

1 

CH, 

1  • 

CH, 

1 

CH 

C14 

CH, 

C 

III 

MgBr 

CaHgO  ^ 

CH, 

Zir-Cu^ 

C,H50H 

CHOH 

CHCl 

CH 

ill 

c 

MgBr 

<1 

II 

c 

III 

III 

II 

CH 

CH 

CH,. 

*  Recently  hexadiene-1,2  was  synthesized  [26]  by  an  analogous  method.  On  the  basis  of  an  infrared  absorption 
study,  the  authors  demonstrated  that  the  hydrocarbon  also  contained  some  acetylenic  hydiocarbon  component. 
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TABLE  3 


Hexadiene-1,2 

Isomerized 

hydrocarbon 

Hexadiene-2,4 

[28] 

. . 

Hexadiene-1,2 

Isomerized  ' 
hydrocarbon 

Hexadiene-2,4 

m 

371  (2) 

371  (5) 

1293  (2) 

407  (1) 

410  (1) 

1302  (2) 

1302  (6) 

435  (1) 

432  (3) 

. 

1330  (1) 

463  (1) 

463  (2) 

1351  (1) 

478  (1) 

1382  (5) 

1376  (5) 

513  (2) 

1441  (lo  w) 

1437  (6) 

533  (2) 

538  (2) 

816  (1)  } 

1 

1449  (6) 

1449  (5) 

835  (3) 

833  (1) 

831  (1)  ! 

1 

1552  (1) 

847  (3) 

855  (1) 

i 

1 

1600(V,) 

1600  (3) 

891  (2) 

887  (3) 

1 

1 

1655  (8) 

1655  (10) 

932  (1) 

923  (1)  1 

1 

1668  (4) 

1668  (6) 

954  (2) 

j 

1 

2123  (1) 

996  (1) 

998  (1) 

2234  (0) 

2237  (6) 

1039  (5) 

1039  (4) 

1034  (3  w) 

1 

2303 (3) 

1096  (10) 

1096  (2) 

2858  (2) 

1129  (10) 

1129(1) 

2877  (3) 

2872  (2) 

2880  (2) 

1153  <1) 

1150  (6) 

:  2908  (3) 

2917  (4) 

2915  (5  w) 

1172  (1) 

1167  (6) 

2938  (3) 

2938  (3) 

1220  (5) 

1225  (1) 

2990  (10> 

2990  (3) 

2992  (1) 

1259  (1) 

1239  (8) 

1 

I  '  1278  (3)  j I  i  i 

E  XPERIMENTAL 

Hexyne -1-01-3.  The  carbinol  was  prepared  by  a  general  method  according  to  Teterin  and  Ivanov  [24]. 

In  a  three-necked  round  flask,  equipped  with  reflux  condenser,  stirrer  and  dropping  funnel,  ethyl 
magnesium  bromide  was  prepared  from  60  g  (2.5  mole)  of  magnesium  and  280  g  (2.5  mole)  of  ethyl  bromide. 
After  completion  of  the  reaction,  the  dropping  funnel  was  replaced  by  a  gas-conducting  tube,  through  which 
acetylene,  from  a  gasometer,  was  slowly  introduced  into  the  flask.  The  acetylene  was  previously  purified  by 
the  usual  procedure,  and  dried  with  calcium  chloride.  The  saturation  time  was  35-40  hours.  The  mixture  of 
butyraldehyde  (1.25  mole)  and  absolute  alcohol  (1.25  mole)  was  added  to  the  dimagnesiumdibromacetylene 
formed.  After  standing  12  hours,  the  reaction  mixture  was  poured,  in  a  thin  stream,  into  a  flask  of  ice  water, 
followed  by  a  dilute  hydrochloric  acid  solution  until  the  precipitate  of  basic  magnesium  salt  dissolved.  The 
upper  oily  layer  was  separated.  The  water  solution  was  extracted  several  times  with  ether.  The  solutions 
were  dried  over  potash  and  distilled.  The  crude  carbinol  boiled  at  135-143”.  After  several  distillations,  a 
fraction  was  separated  with  a  b.p.  of  140-141",  corresponding  to  hexyne-l-ol-3.  Yield  was  20-25 <yo  of  theory. 

dj®  0.8707;  nfj  1.4334;  MI^  29.35;  calculated  29.43. 

Combined  dispersion  spectrum; 

176  (5),  223  (2),  249  (3),  285  (3),  352  (4),  533  (2),  583  (3),  633  (3),  663  (3),  703  (2),  747  (2),  774  (2), 

806  (3),  845  (2);  870  (2),  909  (5),  988  (2),  1013  (2).  1039  (3),  1068  (5),  1111  (5),  1153  (4),  1215  (3), 

1295  (6),  1334  (3),  1391  (3),  1451  (8)  1642  (2),  2116  (10),  2872  (4),  2921  (5),  2968  (3). 

The  1642  centimeter"^  frequency  can  be  related  to  a  double  bond  component.  This  frequency  is  also 
retained  in  the  chloride  prepared  from  the  carbinol.  It  disappears  upon  reduction  of  the  latter  to  the  hydrocarbon. 
It  is  possible  that  it  represents  the  added  frequency  of  an  acetylene  bond,  which  was  detected  in  the  1600-1700 
centimeter"^  region  of  the  infrared  spectra  of  a  senes  of  acetylene  alcohols  and  their  bromides  [29]. 

3-Chlorhexyne-l.  54  g  of  an  equimolecular  mixture  of  thionyl  chloride  and  phosphorous  oxychloride 
was  placed  in  a  flask  equipped  with  reflux  condenser.  The  flask  was  cooled  with  ice  water.  From  a  dropping 
funnel  was  slowly  poured  a  mixture  of  20  g  of  hexynol  and  16  g  of  pyridine.  After  termination  of  reaction,  the 
mixture  was  diluted  with  water.  The  chloride  formed  was  distilled  off  with  steam.  The  yield  of  chloride  was 
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about  15®X»  of  theory.  In  the  following  experiments,  the  chlorinating  mixture  was  diluted  with  50  ml  of  ether. 

The  yields  of  chloride  increased  to  50^  of  the  theoretical.  The  cmde  chloride  distilled  at  60-62*  (100  mm). 

dj®  0.9198:  n{^  1.4374;  MRq  33.19:  calculated  33.09. 

The  combined  dispersion  spectrum: 

178  (6),  225  (2),  269  (2).  354  (2).  453  (4),  608  (2),  648  (4),  688  (2),  730  (2),  1025  (2),  1108  (5).  1150  (2). 

1170  (2),  1208  (3).  1300  (2),  1328  (2),  1441  (4),  1455  (4),  1645  (2),  2125  (10),  2877  (2),  2910  (2),  2936 

(2),  2970  (2). 

Hexadiene-1,2.  A  zinc-copper  couple  was  first  prepared.  For  this  purpose,  60  g  of  zinc  dust  was  treated 
several  times  with  3%  hydrochloric  acid  solotion,  rinsed  with  distilled  water,  further  treated,  twice,  with  2<5!» 
copper  sulfate  solution,  again  rinsed  several  times  with  distilled  water,  then  9&^  alcohol,  and  finally  with 
absolute  alcohol.  The  prepared  zinc-copper  couple  was  washed  down  into  the  reaction  flask  with  absolute  alcohol. 

Reaction  was  carried  out  in  a  three-necked  round  flask  equipped  with  reflux  condenser,  stirrer  and 
dropping  funnel.  The  reflux  condenser  was  filled  with  hot  water  and  the  hydrocarbon  formed  during  the  reaction, 
and  the  alcohol  in  part,  not  being  condensed  in  the  reflux,  passed  into  a  spiral  coil  well-cooled  with  ice  water, 
to  be  collected  in  a  receiver.  The  chloride  was  condensed  m  the  hot  cooler  and  was  practically  separated  from 
the  hydrocarbon  fraction.  21  g  of  the  hydrocarbon  was  obtamed  from  40  g  of  chloride,  which  amounted  to  about 
75%  of  theory  yield.  A  hexadiene-1,2  fraction  was  separated  after  several  distillations  over  sodium,  b.p. 

74.4-74.8*. 

dj®  0.7233:  njj®  1.4269;  MRp  29.11;  CeHjop  Calculated:  28.97. 

The  combined  dispersion  spectmm  of  the  hydrocarbon  is  quoted  in  Table  3.  From  the  data  in  this  table 
it  can  be  seen  that  the  hydrocarbon  represents  almost  pure  allene,  which  contains  no  ethylenic  hydrocarbon 
components.  Disubstituted  acetylene  impurity  was  negligible. 

Isomerization  of  Hexadiene-1,2.  a)  Isomerization  over  Floridin.  The  isomerization  was  carried  out  under 
the  conditions  described  earlier  by  the  authors.  The  reaction  tube  was  of  transparent  quartz  with  a  diameter  of 
10  mm;  the  length  of  the  catalyst  layer  was  16  cm.  The  floridin  was  activated  by  the  usual  procedure.  Tempera¬ 
tures  of  the  experiments  were  230  and  280*.  Condensate  aftei  the  tests  was  colorless.  There  was  negligible 
amount  of  polymers. 

The  hydrocarbon  isomerized  at  230*  distilled  m  a  wider  range  (74-78*):  n^  1.4245. 

The  combined  dispersion  specuum  of  the  hydrocarbon  isomerized  at  230*  differed  from  the  combined 
dispersion  spectrum  of  the  hydrocarbon  isomerized  over  floridin  at  280*  only  by  frequency  intensities.  Therefore 
we  quote  here  a  group  of  characteristic  frequencies  for  allene,  conjugated  diene,  and  acetylenes: 

1039  (4).  1096  (10),  1129  (8),  1655  (4),  1668  (3),  2125  (1),  2237  (5  w)  2305  (2)  cm‘^ 

The  hydrocarbon  isomerized  at  280*  was  also  in  the  form  of  a  colorless  liquid  with  n|j  1.4225,  which 
boiled  within  a  still  wider  range  (74-82*).  Negligible  residue  was  left  in  the  distilling  flask.  The  combined 
dispersion  spectrum  of  the  hydrocarbon  isomerized  at  280*  is  given  in  Table  3. 

b)  Isomerization  over  Chromic  Oxide.  The  catalyst  was  prepared  by  precipitation  of  chromium  nitrate 
with  ammonia  [27].  The  experiments  were  conducted  in  the  same  tube  as  the  experiments  with  floridin. 
Temperature  was  250*.  The  condensate,  after  isomerization  was  colorless,  and  distilled  in  the  range  74-77*; 
n^  1.4249.  The  residue  in  the  distilling  flask  was  negligible. 

In  the  combined  dispersion  spectrum  of  the  isomerized  hydrocarbon  all  frequencies  were  detected  that 
were  observed  for  the  hydrocarbon  isomerized  over  floridin.  In  addition,  there  appeared  a  new  frequency  of  2094 
centimeter 

Herein  is  quoted  a  group  of  characteristic  frequencies  for  allene,  conjugated  diene  and  acetylene: 

1039  (5).  1096  (10),  1129  (10),  1659  (2),  2094  (1),  2116  (1),  2237  (Vi).  2305  (0)  cm‘^ 

After  the  same  hydrocarbon  sample  was  passed  three  times  through  a  tube  with  chromic  oxide,  at  250*, 
the  condensate  was  somewhat  green  in  color.  A  very  small  quantity  of  polymers  was  found.  Of  all  multiple 
combination  frequencies  in  the  combined  dispersion  spectrum,  the  most  intensive  was  found  to  be  the  frequency 
of  2094  centimeter 
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SUMMARY 


1.  It  was  demonstrated  that,  upon  contact  with  floridin,  hexadiene-1,2  isomerizes  into  a  hydrocarbon 
mixture  containing  allene,  conjugated  diene,  monosubstituted  diene  and  disubstituted  acetylene. 

2.  The  primary  products  of  isomerization  of  allene  are  found  to  be  the  conjugated  diene  and  the 
monosubstituted  acetylene.  The  disubstituted  acetylene  is  found  to  be  a  secondary  product  and  is  formed 
directly  from  the  monosubstituted  acetylene. 

3.  On  the  basis  of  spectroscopic  data,  it  can  be  assumed  that  disubstituted  acetylene  contains  as  one 
of  the  substitutents  the  methyl  group,  i.e.,  is  found  to  be  hexyne-2. 

4.  The  conjugated  diene,  formed  by  isomerization  of  hexadiene-1,2  over  floridin,  is  found  to  be 
hexadiene-2,4. 
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THE  INTERACTION  OF  a-OXIDES  OF  THE  VIN  YL  A  C  ET  Y  LENE  SERIES  WITH  OXYGEN- 
CONTAINING  AND  ORGANO-MAGNESIUM  COMPOUNDS.  II 


F.  Ya,  Perveev  and  N.  I.  Kudryashova 


The  authors  [1]  established  earlier  that  the  yields  of  condensation  products  of  a -oxides  in  the  vinyl- 
acetylene  series  with  ketones  depends  on  the  nature  of  the  catalysts  and  upon  the  reacting  ketone  structure, 
as  well  as  upon  the  structural  peculiarities  of  the  oxides.  At  the  same  time  it  was  observed  that  disubstituted 
oxides  of  asymmetrical  stmcture  (I)  enter  mto  reaction  with  ketones  and  aldehydes  more  vigorously  than  the 
trisubstituted  (II): 


O 

_  ^  X 

CH,=  CH-C^C-C - CH, 

CH, 

(I) 


CH,=  CH-C  3:-C - CH-CH,. 

in, 


(ID 


In  addition,  it  was  noticed  that  the  more  branched  the  chain  near  the  carbonyl  group  of  the  reacting 
ketone,  the  smaller  is  the  yield  of  condensation  products— the  dioxolanes. 


It  was  of  interest  to  clarify  whether  or  not  this  dependence  will  be  preserved  upon  interaction  of  oxides 
with  alcohols.  And,,  further^  we  have  considered  it  necessary  to  investigate  the  influence  of  catalyst  nature 
upon  the  yield  and  rate  of  formation  of  the  monoethers  of  glycols,  as  well  as  on  the  order  of  alcohol  linkage, 
pertaining  to  which  subject  there  is  but  a  negligible  number  of  works. 


As  the  subject  of  investigation,  we  took  the  oxides  of  2-methyl-epoxy-],2-hexenen-5-yn-3  [I]  and  3- 
methyl'epoxy€t,3-hepten-6-yne-4  [11],  and  their  condensations  were  carried  out  with  methyl,  propyl,  isopropyl, 
n-hutyl,  iso-butyl,  sec-hexyl  and  mercyl  alcohols  and  phenol,  at  which  time  were  examined  the  effects  of 
alkali  (NaOH  and  Ba(OH)|)  and  acid  catalysts  (sulfuric  and  oxalic  acids). 

The  interaction  of  oxides  with  alcohols  in  die  presence  of  H1SO4  was  carried  out  in  the  following 
manner:  the  oxide  was  added  gradually  to  3  times  the  excess  of  corresponding  alcohol,  in  the  presence  of 
2-3  drops  of  H1SO4,  in  such  a  manner  that  the  temperature  of  the  reaction  mixture  did  not  exceed  45*.  The 
solution  in  all  cases  turned  to  a  dark-brown  color.  After  addition  of  excess  soda,  the  reaction  mixture  was 
stirred  to  the  point  of  complete  discoloration.  In  the  presence  of  oxalic  acid,  the  oxide  was  added  to  the 
boiling  alcohol  solution,  and  considerably  larger  amount  of  catalyst  (4-5  g)  was  taken. 

The  addition  reaction  of  the  alcohols  to  a  -oxides  of  the  vinylacerylene  series  goes  very  rapidly  in 
the  presence  of  sulfuric  acid,  and  with  large  heat  evolution;  reaction  is  {tactically  terminated  within  15-17 
minutes.  The  disubstituted  oxide  of  asymmetrical  structure  (I)  reacts  with  alcohols  more  vigorously  than 
the  oxide  (II).  A  very  noticeable  difference  in  the  rate  of  alcohol  addition  is  observed  when  alkaline 
catalysts  are  present.  Thus,  for  example,  upon  interaction  of  oxide  (I)  with  methyl  alcohol,  reaction  was 
terminated  at  3.5  hours,  with  a  yield  of  73<7o,  while  at  the  same  time,  in  the  case  of  oxide  (II)  reaction  did 
not  end  (some  non-reacted  oxide  remamed)  even  after  35-40  hours  of  heating,  and  the  yield  of  condensation 
products  reached  only  30^. 

In  the  case  of  alkaline  catalysts,  the  synthesis  of  glycol  monoethers  was  carried  out  in  the  following 
manner:  0.4  g  of  metallic  Na,  or  0.8  g  of  NaOH,  or  1  g  of  Ba(OH)s  was  added  to  1  mole  of  the  corresponding 
alcohol.  The  solution  was  heated  in  a  round -bottomed  flask  with  a  reflux  condenser  to  60-80*,  and  into  it  was 
poured  the  oxide. 


The  glycol  monoethers  are  represented  by  colorless,  mobile,  liquids,  with  a  weak,  almost  non-characterisuc 
odor,  with  the  exception  of  the  methyl  ether  oxide  of  3-methyl*epoxy*2,3-hepten-6-yn-4,  which  possessed  a  faiiit, 
pleasant  odor. ..  The  monoethers  become  yellow  on  standing  in  au  in  the  absence  of  antioxidants,  and  gradually 
polymerize,  fcxming  viscous,  gummy  liquids,  which,  over  a  period  of  1.5-2  months,  transform  into  a  hard,  vitreous 
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No. 

Catalyst 

Formula 

&  p. 

,,i0  ; 

np  ' 

d*® 

04 

MRn 

found  calc. 

Yield 

'{I0) 

1 

H,S04  I 
(COOH),J 

CH,=  CH-C  =C-C(CH3'(0(.H3  CHi-OH 

76-77 
(4  mm) 

1.4860 

0.9840 

40.9 

39  8 

81 

2 

Na,  NaOH 

CH2=  Clh-C  =C-C(CH3)(OH)CHjOCH3 

69-70 
(3  mm) 

1.4802 

0  9644 

41.3 

39  8 

73 

3 

(CCX)H), 

CH2=  CH-C  £iC-C(CHjXOCjH7)CHjOH 

93-95 
(7  mm) 

1.4764 

0.9430 

50.4 

49.2 

58 

4 

Na 

' 

CHj=  CH-C^C-C(CH,)(OH)CHjOCjH7 

91-92 
(7  mm) 

1.4691 

0.9280 

50.5 

49.2 

63 

5 

H1SO4 

CHj=  CH-C— C-C(CH,)(0C4H9)CH|0H 

94-95 
(3  mm) 

1.4748 

0,9304 

55.0 

53.7 

79 

6 

Na 

CH,= CH-C=C-C(CHjXOH)CH20C4H9 

89-90 
(3  mm) 

1.4680 

0,9190 

55.1 

^53.7 

24 

7 

H,S04 

CH,=  CH-CEEC-C(CH5)(iSO-OC4H9)CHjOH 

90-91 
(5  mm) 

1.4713 

0.9235 

55.2 

53.7 

64 

8 

H,S04 

CH2=  CH-C=C-C(CHj)(OC6Hij)CH20H 

iOO-lOl 
(3  mm) 

1.4703 

0.9126 

64.3 

62.9 

65 

9 

H,S04 

CH,=  CH-C=C-C(CHs)(OCH3)CHOH(CH8) 

75-76 
(5  mm) 

1.4811 

0,9600 

45.4 

44.3 

69-70 

10 

Na 

CH2=  CH-CEC-C(CH,)(OH)CH(OCHj)CH5 

•  • 

74-78 
(8  mm) 

1.4754 

0.9543 

45.5 

44.3 

30 

11 

(C(X)H), 

CH,=  CH-C=C-C(CH,)(OC5H7)CHOhCii5 

96-98  1  4736, 

(10  mm) 

0.9283 

55.1 

.  53.6 

48 

12 

h,so4  n 

(COOH),J 

CHj=  CH-C=C-C(CHj)(iso-OCjH7)CHOHCH3 

72-73 
(3  mrn) 

1  4709 

0.9225  - 

55.2 

|53.6 

58 

13 

H,S04 

CH2=  CH-C^-C(CHj)(OC4H9)CHOHCHs 

95  96 
(3  mm) 

1  4700 

i 

1  0,9195 

59.5 

58.3 

58 

mass.  The  pure  monoethers  distill  in  the  absence  of  an  with  a  little  resinification.  The  resinous  products 
remainmg  after  distilling,  exploded  upon  heating  over  140”. 

The  physical  constants  and  monoethei  yields  are  given  in  the  table 

In  the  presence  of  acid  catalysts,  as  is  shown  in  the  table,  the  monoethei  is  formed,  which  possesses  a 
higher  boiling  temperature,  gieatei  specific  gravity  and  index  of  refraction,  as  compared  with  the  monoether 
obtained  with  alkaline  catalyst.  On  this  basis  we  can  assert  that  with  ac.d  catalysts  the  tertiary  monoether  is 
formed  in  all  cases,  with  the  alkaline—  the  piimary  (with  2-meinyl-epoxy'i.2-hexerr5-yr:e-3)  and  the  secondary 
(with  3-methyl-epoxy-2,3-heptene-6-yn -4).  A.  A.  Petrov  [2]  observed  a  similar  interaction  of  alcohols  with 
propylene  oxide. 

It  might  be  assumed  that  the  formation  of  isomeric  monoether  mixtures  is  possible  in  the  first  instance 
To  i»ove  the  identity  of  the  products  obtained,  certain  syniliesized  monoeihets  were  carefully  fractionated, 
and  those  fractions  boiling  within  an  interval  of  a  few  degrees  possessed  the  same  index  of  refraction  and 
specific  gravity.  For  example,  the  methyl  ether,  obtained  from  the  oxide  (1),  boiled  at  74-77“  (4  mm),  n|) 
1.4860,  d*®  0.9840  and  77-78*  (4  mm),  n^  1  48  5  9,  d*®  0.9847,  The  propyl  ether,  obtained  from  oxide  (II), 
boiled  at  96-98”  (10  mm),  ng  1.4736,  dj”  0  5^283  and  98-lor  (10  mm),  ng  1.4736,  dj^  0.9280,  while  the 
differences  in  refractive  indices  and  specific  gravity  is  very  considerable  between  the  primary  and  tertiary 
monoethers.  For  example:  the  methyl  ether,  obtained  from  the  oxide  in  the  presence  of  H2SO4,  has  ng 
1.4860  d*®  0.9840,  and  the  methyl  ether  from  the  same  oxide,  obtained  by  the  alkaline  method,  has  ng 
1.4802,  dj®  0.9644. 
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On  the  basis  of  the  data  obtained,  it  can  be  concluded  that  the  rate  of  formation  and  the  yield  of 
monoethers  depends  on  the  oxide  structure,  on  the  nature  of  the  catalyst,  and  on  the  structure  of  the  reacting 
alcohol.  The  disubstituted  (2-methyhepoxy-l,2-hexene-5-yn  -3)  oxides  react  more  vigorously  and  give  greater 
yield  of  condensation  products,  than  the  trisubstituted  (3-methyl'epox>M2,3-heptene-6-yn -4). 

In  the  presence  of  sulfuric  acid,  the  increase  in  chain  length  of  the  reacting  alcohol  has  an  almost 
unnoticeable  effect  upon  the  yield  of  monoethei.  A  chain  branching  near  the  hydroxyl  group  shows  noticeable 
influence.  Thus,  for  example;  n45utyl  and  isobutyl  ethers  of  the  oxide  (I)  are  obtained  with  yields,  respectively, 
of  79  and  6^,  and  terHsutyl  alcohol,  in  the  presence  of  oxalic  acid,  does  not  enter  into  reaction  with  this  oxide 
at  all. 

In  the  presence  of  alkaline  catalyst,  an  increase  in  chain  length,  or  branching  near  the  hydroxyl  group 
of  the  reacting  alcohol,  sharply  decreases  the  yield  of  monoether.  This  evidently  is  in  full  accord  with  the 
I  concept  that,  with  an  increase  in  the  chain  of  the  corresponding  alcohol,  or  in  its  branching,  the  acidity  of 

j  the  hydrogen  atom  of  the  hydroxyl  group  decreases.  Thus,  for  example,  upon  interacting  the  oxide  (I)  with 

i  methyl  alcohol  in  the  presence  of  alkaline  catalyst,  the  reaction  product  yield  reaches  Sl%  while  the  yield  of 

I  condensation  product  of  the  given  oxide  with  n-butyl  alcohol,  under  the  same  conditions,  does  not  exceed  24% 

I  The  reaction  of  phenol  with  oxide  (I)  starts  and  proceeds  with  considerable  evolution  of  heat  when 

heated  above  60*  in  the  presence  of  alkaline  catalyst.  In  order  to  avoid  an  explosion,  the  oxide  must  be  added 
J  gradually  to  the  phenolate,  heated  to  60*. 

The  interaction  speed  of  the  alcohols  with  a  -oxides  of  the  vinylacetylene  series  changes,  depending  upon 
'  the  nature  of  the  alkaline  catalyst.  Thus,  for  example,  with  methyl  alcohol,  in  the  presence  of  NaOH,  the  reaction 

is  complete  in  4  hours,  and  the  yield  of  monoether  reaches  GBf’Jo,  while  with  Ba(OH)j  under  the  same  conditions, 
there  remains  some  unreacted  oxide,  and  the  monoether  glycol  does  not'exceed  30^.  Upon  reaction  with  acid 
I  catalysts,  the  break  in  the  oxide  ring  occurs  at  the  carbon  attached  directly  to  the  triple  bond,  i.e.,  the  formation 

of  tertiary  monoethers  occurs.  In  the  presence  of  alkaline  catalyst,  the  order  of  linkage  is  reversed. 

I  EXPERIMENTAL 

i 

1.  kiteraction  of  2-methyl-epoxy-1.2-hexen-5-yn-  -3  with  methyl  alcohol  in  the  presence  of  HtSO^.  50  ml 
of  methyl  alcohol  and  1  drop  of  H2SO4  were  placed  in  a  round-bottomed  flask  with  mechanical  stirrer  and  reflux 
condenser.  15  g  of  the  oxide  was  gradually  added  to  avoid  an  increase  in  temperature  over  50*  in  the  reaction 
mixture.  The  solution  turned  dark  brown  in  color.  An  excess  of  soda  was  added  to  the  reaction  mixture  after 
10-15  minutes.  The  stirring  was  continued  until  the  coloration  had  disappeared.  The  soda  was  then  filtered  off, 
and  the  excess  alcohol  removed.  The  substance  obtained  was  distilled  in  vacuo  (Formula  1  in  the  table). 

0.1167,  0.1031  g  substance:  19.0,  16.9  ml  CH4  (11*,  760.6  mm).  0.1059  g  substance:  0.2655  g  CO^, 

0.0832  g  H,0.  Found  %  active  H  0.697,  0.702:  C68.38:  H  8.79.  CgHyO,.  Calculated  %:  active 
H  0.719;  C  68.54;  H  8.63. 

2.  Biteraction  of  2-methyl -epoxy-i,2-hexen>5-yne-  -3  (I)  with  propyl  alcohol  in  the  presence  of  oxalic 
acid.  To  100  ml  of  propyl  alcohol  and  2  g  of  oxalic  acid,  was  gradually  added,  with  stirring,  39  g  of  the  oxide 
in  such  a  manner’  that  the  temperature  of  the  reaction  mixture’  did'  '■  .  not  rise  above  55";  After  addition  of 
oxide,  the  reactim  mixture  was  heated  on  a  water  bath  at  80*  for  10  minutes.  The  propyl  alcohol  excess 

was  partially  removed,  and  the  remaining  yellowish  product  washed  several  times  with  water,  dried  with  Na2S04 
and  distilled  in  vacuo  (Formula  3  in  the  table). 

0.1102,  0.1211  g  substance:  16.1,  17.7  ml  CH4(15*,  766.4  mm).  0.0900  g  substance:  0.2342  g  CO,.  0.0840 
g  HO.  Found <7o:  active  H  0.619,  0.621;  C  71.13;  H  9.24.  CioHigO,- Calculated  <)i):  active  H  0.603; 

C  71.39;  H  8.99. 

3.  kiteraction  of  2mniethyl-epoxy-l,2-hexen-5-yn-3  (I)  with  n-butyl  alcohol  in  the  presence  of  H,S04- 
20  g  of  the  monoether  was  obtained  from  15  g  of  the  oxide,  the  constants  of  which  are  given  in  the  table 
(Formula  5). 

0.1151,  0.1133  g  substance:  15.7,  15.4  ml  CH4(13-5*i  762.6  mm).  0.1082  g  substance:  0.2861  g 
CO^,  0.0971  g  H,0.  Found  %  active  H  0.579,  0.577;  C  72.35;  H  10.04.  CaHA-  Calculated  % 
active  H  0.553;  C  72.49;  H  9.96. 
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4.  Interaction  of  2-fnethyVepoxy-l,2-hexene-5-yn -3  (I)  with  sec-hexyl  alcohol  in  the  presence  of  H^SO^. 
19  g  of  the  monoether  was  obtained  from  15  g  of  the  oxide,  its  constants  being  given  in  the  table  (Formula  8). 

0.1160,  0.1406  g  substance:  14  7,  16.9  ml  CH4(14.5“,  752.2  mm).  0.1102  g  substance:  0.2993  g  COj: 
0.1055  g  HjO.  Found  <^o:  active  H  0.508,  0.501:  C  74.12;  H  10.71.  CijHjjOj.  Calculated  °Jo:  active 
H  0.479;  C  74.24:  H  10.54. 

5.  Interaction  of  2-methyl-epoxy-l,2-hexen-5-yn-3  '  (I)  with  isobutyl  alcohol  in  the  presence  of  H^SO^. 

16  g  of  the  monoether  was  obtained  from  15  g  of  the  oxide  (Formula  7  in  the  table). 

0.1326,  0.1121  g  subswnce:  17.6,  15.2  ml  CH4  (12',  757.9  mm).  0.1038  g  substance:  0.2749  g  CO*. 
0.0939  g  H,0.  Found  <^o:  active  H  0.564,  0.576:  C  72.27:  H  10.12.  CaHigOj.  Calculated  %:  active 
H  0.553;  C  72.49:  H  9.96. 

6.  Interaction  of  2-methyH)poxy-l,2-hexen<-5-yne^3  with  methyl  alcohol  in  the  presence  of  Na  methylate. 
1  mole  (32  g  )  of  methyl  alcohol  and  0.4  g  of  metallic  Na  was  placed  in  a  round-bottomed  flask  with  a  reflux 
condenser.  The  solution  was  heated  to  boiling,  and  20  g  of  oxide  then  added  to  it.  The  heating  was  then 
continued  for  about  4  hours  until  the  oxide  odor  disappeared.  The  methyl  alcohol  excess  was  then  distilled 

off  in  vacuo.  The  remaining  viscous  mass  was  washed  with  water  and  extracted  with  ether.  The  ether  solution 
was  dried  with  NajS04,  the  ether  removed  and  the  product  obtained  fractionally  distilled  in  vacuo.  15  g  of 
monoether  was  isolated  (Formula  2  in  the  table). 

0.1379,  0.0918  g  substance:  22.9,  15.8  ml  CH4  (14*,  758.3  mm)  0.1121  g  substance:  0.2795  g  COj, 
0.0887  g  HgO.  Found  <7o:  active  H  0,700,  0.725;  C  68:21:  H  8.85.  CgH^Og.  Calculated  <7o:  active 
H  0.719:  C  68.54:  H  8.63. 

7.  Interaction  of  2^ethyl-epoxy-l,2-hexem5-yn-3  (I)  with  methyl  alcohol  in  the  presence  of  NaOH, 

1  mole  of  methyl  alcohol,  0.8  g  NaOH  and  15  g  of  the  oxide  were  placed  in  a  round -bottomed  flask.  The 
reaction  mixture  was  heated  for  4  hours.  13  g  (68*70)  of  the  monoether  was  isolated  with  a  b.p.  74-75'  (5  mm), 
nf5  1.4800. 

8.  Interaction  of  2-methyl-epoxy -l,2-hexen-5-yn-3  with  isopropyl  alcohol  in  the  presence  of  Na 
alcoholate.  1  mole  of  propyl  alcohol,  0.4  g  of  Na  and  15  g  of  the  oxide  were  taken  14.5  g  of  the  monoether 
(Formula  4  in  the  table)  was  obtained. 

0.1280  g  substance:  19.2  ml  CH4  (13.5',  748.3  mm).  0.1254  g  substance:  18.9  ml  CH4  (13.5': 

752.2  mm).  0.1058  g  substance:  0.2759  g  COj,  0.0952  g  HgO.  Found  '^0:  active  H  0.625,  0.628; 

C  71.15:  H  9.18.  CioHigOi.  Calculated  <7o:  active  H  0.603:  C71.39:  H  8.99, 

9.  Interaction  of  2-methyl-€poxy-l,2-hexen-5-yn-3  (I)  with  n-butyl  alcohol  in  the  presence  of  Na 
alcoholate.  20  g  of  the  oxide,  0.5  mole  of  n-butyl  alcohol,  0.2  g  of  Na  were  taken.  The  mixture  was  heated 
for  4  hours  at  70-80*.  8  g  of  the  monoether  (Formula  6  in  the  table)  was  obtained. 

0.1242,  0.1334  g  substance:  16  5,  17.8  ml  CH4  (13*,  752.2  mm).  0.1018  g  substance:  0.2700  g 
COj,  0.0994  g  HjO.  Found  *7o:  active  H  0.558,  0.560:  C  72.38:  H  10.16.  CnHjgOj.  Calculated  <7o: 
active  H  0.553:  C  72.49:  H  9.96. 

10.  Interaction  of  2-methyl-epoxy-l,2-hexen-5-yn-3  (I)  with  methyl  alcohol  in  the  presence  of 
Ba(OH)j.  15  g  of  the  oxide,  1  mole  of  methyl  alcohol  and  1  g  of  Ba(OH)2  were  taken.  The  reaction  mixture 
was  heated  to  boiling  for  4  hours.  7  g  (37%)  of  monoether  with  b.p,  74-75'  was  isolated,  np  1.4802,  d***  0.9642 
and  a  low  fraction -non-reacted  oxide  with  njj  1.4780. 

11.  Interaction  of  3-methyl-epoxy-2,3rhepten'-6-yn-4  .  (11)  with  methyl  alcohol  in  presence  of  HjS04. 

40  ml  of  methyl  alcohol  and  5  drops  of  1^804  were  placed  in  a  round -bottomed  flask  with  mechanical  stirrer 
and  reflux  condenser.  15  g  of  the  oxide  was  adaed  gradually  in  a  manner  to  avoid  increase  in  temperature  above 
that  of  45*.  16.5  g  of  the  monoether  was  isplated  (Formula  9  in  the  table). 

0.1091,  0.1339  g  substance:  17.1,  21.1  ml  CH4  (16*,  752  5  mm).  0.1182  g  substance:  0.3029  g  COjj, 
0.1067  g  HjO.  Found  %:  active  H  0.649,  0  653;  C  69.92:  H  9.21.  CsH^Oj.  Calculated  %:  active 
H  0.655:  C  70.10:  H  9.15. 
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12.  Interaction  of  3-methyl-«Pffxy~2,3-heptenT6-yn-4  ,ili)  with  propyl  alcohol  in  the  presence  of  oxalic 
acid.  A  mixture  of  50  ml  propyl  alcbhbl  and  6  g  of  oxalic  acid  was  heated  to  boiling,  25  g  of  the  oxide  added 
dropwise  over  15  minutes.  A  noticeable  evolution  of  heat  was  observed.  After  addition  of  the  oxide,  the  reaction 
mixture  was  again  heated  for  10-15  minutes.  The  alcohol  was  then  partially  distilled  off  the  remaining  mass 
distilled  with  water,  dried  with  Na2S04  and  redistilled  in  vacuo.  15  g  of  the  monoether  was  isolated  (Formula  11, 
in  the  table). 

0.1014,  0.1204  g  substance:  14.0,  16.3  ml  CH^  (16.5*,  763.5  mm).  0.1004  g  substance;  0.2672  g  COj, 

0.0891  g  HjO.  Found  <^o:  active  H  0.579,  0.568;  C  72.59;  H  9.93,  Calculated  active 

H  0.553;  C  72.49;  H  9.95. 

13.  Interaction  of  3-methyl‘epbxy2,^-hepten^6^ne--4  (11)  with  isopropyl  alcohol  in  the  presence  of 
HgSO^.  To  50  ml  of  isopropyl  alcohol  in  the  presence  of  3  drops  HJSO4,  15  g  of  the  oxide  was  gradually  added; 
the  reaction  mixture  temperature  rose  to  35".  13  g  (Formula  12  in  the  table)  was  isolated. 

0.1261  g  substance:  16.8  ml  CH4  (16*,  752.5  mm).  0.1081  g  substance:  0.2865  g  COj,  0.1060  g  HjO. 

Found  o/o:  active  H  0.565,  0.572;  C  72.31;  H  10.01.  CuHijOi.  Calculated  “/o:  active  H  0.553;  C  72.49; 

H  9.95. 

14.  Interaction  of  3-methyl-epojty£,3-hepten‘^-ynr4  (II)  with  isopropyl  alcohol  in  the  presence  of 
oxalic  acid.  A  mixture  of  50  ml  isopropyl  alcohol  and  5  g  of  oxalic  acid  was  heated  to  70*,  and  25  g  of  the 
oxide  added  to  it.  10  g  of  the  monoether  was  obtained  with  a  b.p.  of  74-75*  (3  mm);  njj  1.4709;  d^*  0.9229. 

15.  Interaction  of  3-methyl-epoxy2,3-hepten^-yn-4  ,  (II)  with  n-butyl  alcohol  in  the  presence  of  HtS04. 

14  g  of  the  monoether  was  obtained  from  15  g  of  the  oxide  (Formula  13  in  the  table). 

0.1564,  0.1217  g  substance:  19.4,  15.2  ml  CH4  (15",  757.1  mm).  0.1121  g  substance:  0.3010  g  COj, 

0.1137  g  H|0.  Found  %:  active  H  0.521,  0.525;  C  73.27;  H  10.35.  C^HioOi.  Calculated  active 

H  0.514;  C  73.42;  H  10.27. 

16.  Interaction  of  3-methyl-epQxy2,3-hepten»-6-yn-4  (11)  with  methyl  alcohol  in  the  presence  of  Na 
methylate.  1  mole  (32  g)  of  methyl  alcohol  and  0.4  g  of  Na  were  placed  in  a  round -bottomed  flask  with  a 
reflux  condenser,  and  15  g  of  the  oxide  was  added  to  the  boiling  solution.  The  reaction  mixture  was  heated 

at  boiling  alcohol  temperature  for  35-40  hours.  The  alcohol  excess  was  then  driven  off,  arid  the  remaining  thick 
mass  was  washed  with  water,  extracted  with  ether,  dried  with  Na2S04  and  redistilled  in  vacuo.  6  g  of  the  monoether 
was  obtained  (Formula  10  in  the  table).  0.111  g  sub.:  17.3  ml  CH4(13*,  748.3  mm).  Found  active  H  0.650.  Cal¬ 
culated  %:  active  H  0.655. 

17.  Interaction  of  2-methyl-epoxy-l,2-hexene-5-yn-3  (I )  with  phenol  in  the  presence  of  Na  phenolate. 

0.3  g  of  metallic  sodium  was  added  to  20  g  of  phenol  at  60",  and  15  g  of  the  oxide  was  then  added  gradually; 
heat  evolution  was  then  observed.  The  addition  of  oxide  was  regulated  in  such  a  manner  as  to  avoid  raising  the 
temp,  of  the  reaction  mixture  to  more  than  80-90*.  ,  After  addition  of  the  oxide,  the  solution  was  heated 

for  30  minutes  at  80-90*.  The  excess  phenol  was  washed  out  with  alkali.  The  upper  layer  was  removed  and  the 
aqueous  layer  extracted  with  ether.  18  g  of  cmde  viscous  product  was  isolated.  Tlie  authors  were  not  able  to 
determine  its  physical  constants,  because  at  a  temperature  over  140*  and  1  mm  it  decomposed. 

SUMMARY 

1.  Upon  interaction  of  2-methyl -epoxy^, 2 -hexen-5-yn-3  (I)  with  alcohols  in  the  presence  of  sulfuric 
acid  and  oxalic  acid,  the  tertiary  monoethers  of  glycol  derivatives  of  methyl,  propyl,  n-butyl,  isobutyl  and  hexyl 
alcohols  were  isolated. 

2.  Upon  interaction  of  3-methyl -epoxy^,3-hepten-6-yn-4  (II)  with  alcohols  in  the  presence  of  the 
above-indicated  reagents,  monoethers  were  obtained  -derivatives  of  methyl, isopropyl,  propyl  and  n-butyl 
alcohols. 

3.  Upon  interaction  of  2-methyl-epoxy4,2-hexen-5-yne-3  and  3-inethyl-epoxy2,3-heptene-6-yn -4  with 
alcohols,  in  the  presence  of  alkaline  catalysts  (Na  alcoholate,  NaOH,  Ba(OH)2)  there  separated,  respectively, 
the  primary  and  secondary  monoether  derivatives  of  methyl,  propyl  and  n-butyl  alcohols. 

4.  It  was  determined  that  the  formation  of  tertiary  monoethers  of  glycols  is  only  realized  under  the 
influence  of  acid  catalysts,  and  in  the  presence  of  alkaline  catalysts  there  is  formed  the  primary  monoether  for 
2-methyl-epbxyl,2-hexen-5-yn-3-  and  the  secondary  for  3-methyl-  epoxy2,3-hepten-6-yn-4. 
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EXPERIMENTAL 


The  thermal  decomposition  of  styrene  oxide,  and  also  its  condensation  with  ammonia,  were  conducted  in 
an  apparatus  described  in  the  preceding  works  [1,  2,  4],  with  the  only  difference  that  styrene  oxide  was  added 
from  a  buret  into  the  vaporizer,  which  was  heated  by  an  oil  bath  at  260*,  and  from  here  the  gaseous  styrene  oxide 
passed  into  the  reaction  tube. 

The  styrene  oxide  was  obtained  by  the  method  of  Fourneau  [6]  from  styrene,  using  iodine  and  mercury 
oxide  in  ether  medium,  except  that  in  the  last  phase  of  conversion  of  the  iodohydrin  into  the  oxide,  alcohol 
was  substituted  for  ether.  To  make  the  point  clear,  to  obtain  styrene  oxide  from  iodohydrin  in  ether  medium 
with  the  aid  of  powdered  caustic  potash,  requires, in  contrast  to  the  method  we  describe,  not  1-2  days,  but  6-7 
days  at  5-6  times  the  excess  of  alkali  and  stirring  of  the  reaction  mass. 

The  styrene  oxide  has  the  following  constants:  b.p.  190-192*  at  747  mm:  b.p.  91-94*  at  30  mm:  d**  1.0120, 
which  coincides  with  the  literature  data  [6]. 

1.  Thermal  Decomposition  of  Styrene  Oxide  at  500*.  Volume  rate  of  the  oxide  was  40-42.  72  g  was  taken 
for  the  experiment.  The  experiment  duration  was  4  hours.  3  ml  of  water  and  59  ml  of  oily  condensate  and  6  liters 
of  gas  were  obtained. 

The  oily  condensate  was  washed  with  20  ml  of  0.1  normal  NaOH.  The  separated  alkaline  solution,  together 
with  water,  obtained  from  the  condensation,  was  carefully  steamed  off  The  residue  was  dissolved  in  a  small  vol¬ 
ume  of  water  and  acidified  with  hydrochloric  acid:  at  which  time  crystals  of  benzoic  acid  precipitated,  which, 
after  recrystallization,  melted  at  120-122*,  and  did  not  give  a  depression  with  benzoic  acid. 

The  oUy  condensate  was  dried  with  calcium  chloride  and  was  fractionally  distilled  from  a  Favorsky  flask. 
After  a  few  distillations,  the  following  fractions  were  successfully  separated:  1)  75-112*  2.4  g,  2)  130-15(^,10.0  g, 
3)  170-180*.  4.0  g,  4)  187-197*,  6.0  g,  5)  200-203*,15.0  g.  6)  300-340*.2.7  g. 

The  first  fraction  consisted  of  benzene  and  toluene,  the  presence  of  which  was  proved  by  nitration  and 
testing  with  powdered  KOH  in  petroleum  ether  [7].  Then  was  observed  a  turquoise  coloration  of  the  upper  part 
of  the  alkali  and  after  1-1.5  minutes  an  orange-yellow  coloration  in  the  lower  part,  which  pointed  to  the  presence 
of  benzene  and  toluene.  1.5  g  of  this  fraction  was  oxidized  with  potassium  permanganate,  and  the  non-oxidized 
liquid  was  nitrated  by  a  nitration  mixture  at  100-110*.  As  a  result,  dinitrobenzene  was  obtained,  which,  after 
recrystallization  from  alcohol,  had  an  m.p.  of  88*  (90*  according  to  the  literature  data  [15]). 

From  die  2nd  fraction  was  separated,  by  treatment  with  bromine  water,  dibromstyrene,  with  m.p.  70-71*, 
wliich  did  not  give  depression  upon  mixed  test  (in  the  literature  are  cited  m.p.  69*  [8]  and  72-73*  [9].). 

The  residue  fraction,  after  separation  of  the  dibromstyrene,  was  treated  several  times  with  small  volumes 
of  sulfuric  acid,  washed  with  water  and  soda,  dried  with  calcium  chloride  and  distilled.  In  this  way,  3  g  of 
ethylbenzene  was  separated,  which  had  a  b.p.  of  134-136*:  d*°  0.8650  (according  to  the  literature  data  [9]  the 
b.p.  is  135.8-136.3*:  dj®  0.8664. 

From  the  3rd  fraction  benzaldehyde  was  separated  through  the  bisulfite  derivative,  and  from  it  the  same 
benzaldehyde  by  soda  solution,  which  upon  standing  oxidized  easily  to  benzoic  acid  with  m.p.  121*. 

From  the  4th  fraction  the  same  bisulfite  derivative  was  obtained  (in  the  amount  of  3  4  g).  After  re¬ 
crystallization  from  water- alcohol  solution,  and  drying  in  a  vacuum  dessicator,  the  per  cent  sulfur  in  it  was 
determined,  which  corresponded  to  the  bisulfite  derivative  of  phenylacetaldehyde. 

0.2314  g  substance:  0.2373  g  BaS04.  Found  %:  8  14,11.  C7H904SNa.  Calculated  <7o:  8  14.28. 

The  5th  fraction  represented  almost  pure  acetophenone,  for  which  was  obtained  the  oxime,  with  m.p. 

59*  [11,  15],  and  from  it,  by  Beckmann  rearrangement,  acetanilide  with  m.p.  110-112*,  which  corresponds  ex¬ 
actly  with  the  literature  data  [15]. 

The  6th  fraction  was  once  more  distilled  under  vacuum  (b.p.  220-230"  at  20  mm),  and  from  it  was  ob¬ 
tained  the  semicarbazone  with  m.p.  150*  after  recrystallization  from  benzene,  which  corresponds  to  the  melting 
point  of  dypnone  semicarbazone  (151*  according  to  the  literature  data  [13]). 

2.  Condensation  of  8tyrene  Oxide  with  Ammonia  over  Alumina.  The  styrene  oxide  and  ammonia  were 
taken  in  the  molar  ratio  of  3:1.  72  g  of  styrene  oxide  was  taken  in  all:  the  volume  rate  was  40-42:  the  time 
during  which  the  condensation  was  conducted  was  4  hours  and  40  minutes  53.5  g  of  condensate  and  5200  ml  of 
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gas  were  obtained  in  all.  Upon  fractional  distillation,  the  following  fractions  were  separated:  1)  75-120*  3.0  g, 

2)  120-150*.  6.2  g,  3)  150-180“, 1.7  g  ,  4)  180-197*, 4.3  g,  5)  197-205:  24.7  g,'6)  205-260*.8.0  g,  7)  260-285*,  3.0  g, 

8)  285-340*,  1.5  g.  52.4  g  of  liquid  fraction  was  thus  obtained  whichcomprised  72. 8<^  in  terms  of  styrene  oxide 
taken. 

In  the  first  fraction  were  found  nitrogen-con© ining  compounds  of  the  pyrrole  series  (coloring  pine  splinter 
treated  with  vapors  of  hydrochloric  acid).  To  remove  pyrrole  compounds  in  this  fraction,  gaseous  hydrogen  chlor¬ 
ide  was  passed  through;  at  which  the  liquid  turned  red,  and  after  a  given  tinie  a  precipitate  of  dark-red  resinous 
substance  settled  to  the  bottom  of  the  tube,  which  was  separated  from  the  liquid.  The  liquid  was  further  treated 
with  a  concentrated  solution  of  alkali,  and  the  alkaline  solution  separated' and  extracted  with  ether.  The  ether 
extract'  was  mixed  with  that  layer  which  did  not  dissolve  in  alkali,  and  by  fractional  precipitation  with  picric 
acid,  followed  by  recrystallization  from  acetone,  there  was  obtained  the  picrate  with  m.p.  163*,  which  did  not 
produce  significant  depression  with  the  known  picrate  of  pyridine.  Thus,  among  the  nitrogen-containing  compounds 
of  this  fraction  is  included  pyridine. 

The  subsequent  fractions  with  b.p.'s  from  120  to  260*  (i.e.,  the  2nd,  3rd,  4th,  5th  and  6th)  do  not  contain 
nitrogen,  and  basically  represent  the  same  substances  which  were  obtained  by  thermal  decomposition  of  styrene 
oxide  over  alumina  at  500*  (see  above-studied  experiment).  Thus,  the  5th  fraction  was  found  to  be  benzaldehyde  , 
the  6th  acetophenone,  and  so  forth.  .  •  ■ 

The  fraction  with  b.p.  260-285*  contained  nitrogen,  and  from  it  was  separated  a  picrate  with  m.p.  149-152*, 
which,  after  4  recrystallization  from  acetone,  had  an  m.p.  of  158-160*.  The  determination  of  nitrogen  in  the 
picrate  (by  the  semimicro  method): 

0.202  g  substance:  2.  64  ml  Nj  (21.6*,' 733  mm).  Found  <5J):  N  14.33.  CuH^jN •  CjHjNsOt. 

Calculated N  14.07. 

From  the  analysis  we  concluded  that  the  picrate  correspionds  to  methylphenylpyridine,  but  we  did  not 
succeed  in  solving  the  problem  of  its  structure. 

From  die  same  fraction  after  previous  treatment  with  hydrogen  chloride  (at  which  time  there  separated 
a  little  of  the  red-colored  tar)  there  was  obtained  a  platinate,  which  after  recrystallization  from  hot  water,  had 
an  m.p.  of  198-200*  (with  decomposition).  After  drying  in  a  vacuum  dessicator  over  phosphoric  anhydride  for  ^ 

24  hours,  the  platinum  percentage  in  it  was  determined  for  which  precipitate  an  ignition  time  of  12  hours  was 
required: since  the  platinate  contains  a  large  amount  of  carbon  which  is  adsorbed  by  the  platinum  and  burns  out 
with  difficulty,  this  leads  to  too  high  a  platinum  content.  i 

I 

0.3113  g  substance;  0,0825  g  Pt.  Found  <7o.  Pt  26.51.  (C^HnNHCl),  PtCl4.  Calculated  <7o:  Pt  26.06. 

Analysis  of  the  gas  was  conducted  in  the  usual  way  in  the  VTI  apparatus.  In  the  gases  were  found:  CO| 

3.2%:  CnH,n  21%;  O,  0.3%:  CO  8.7%;  1^  35%:  CnH,n^  31%. 

Moreover,  there  was  determined  acetaldehyde  [16]  and  formaldehyde  [16]  in  the  gases  before  their  en¬ 
trance  into  the  gasometer,  proven  by  qualitative  tests. 

SUMMARY 

1.  The  thermal  decomposition  of  styrene  oxide  over  aluminum  oxide  was  investigated  at  500*,  and 
there  were  obtained  as  the  basic  products  of  the  reaction,  besides  acetophenone  —the  aromatic  hydrocarbons 
styrene,  ethylbenzene,  toluene  and  benzene,  and  the  aromatic  aldehydes  benzaldehyde  and  phenylacetic 
aldehyde. 


2.  The  condensation  of  styrene  oxide  (under  the  above-indicated  conditions)  was  investigated, 

in  the  presence  of  ammonia.  In  this  case  tie  formation  of  nitrogen-containing  heterocylic  compounds  was  es¬ 
tablished,  among  which  were  demonstrated  pyridine,  methylphenylpyridine  (of  undetermined  structure)  and 
derivatives  of  pyrrole. 
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REACTIONS  OF  THE  METHYL  ESTER  OF  METHACRYLIC  ACID 


WITH  ORGANO-MAGNESIUM  COMPOUNDS 

I.  REACTION  OF  METHYLMETHACRYLATE  WITH  ISOPROPYLMAGNESIUM  BROMIDE 

A.  I.  Lebedeva  and  E.  D.  Vai  nrub 


A.  E.  Favorsky  and  A.  L  Lebedeva  investigated  the  reaction  of  sulfuric  acid  with  dimethylvinylcarbinol  [1] 
and  separated  from  the  mixture  obtained  at  that  time  several  products,  among  them  linalool  and  geraniol.  In  the 
present  worit  we  have  considered  an  investigation  of  the  reaction  of  sulfuric  acid  and  certain  other  reagents  with 
diisopropylisoi^openylcarbinol,  where  we  decided  to  obtain  the  latter  from  die  methyl  ester  of  methacrylic  acid 
and  isopropylmagnesium  bromide.  We  assumed  that  the  homolog  of  linalool  synthesized  in  this  manner,  contain¬ 
ing  die  isopropyl  radicals,  will  possess  an  entirely  different  odor  and  be  applied  in  the  perfume  industry.  However, 
after  carrying  out  the  usual  organoHnagnesium  synthesis,  with  decomposition  of  the  obtained  organo^agnesium 
complex  with  water  and  ice,  we  obtained  mainly  a  liquid  product,  with  b.p.  108-109*  at  4  mm,  which  contained 
neither  hydroxyl  nor  carbonyl,  and  did  not  react  with  a  water  solution  of  permanganate  or  with  bromine  water.  A 
determination  of  the  elementary  composition,  molecular  weight  and  molecular  refraction,  has  indicated  that  we 
obtained  the  compound  corresponding  to  the  formula  Ctsl^Q4.  Upon  saponification  of  this  compound  with  alco¬ 
holic  alkali  there  was  obtained  a  crystalline  saturated  acid,  with  an  m.p.  of  124-125*  which,  according  to  the 
analysis  data,  corresponded  to  the  formula  CuHioO^,  The  determination  of  molecular  weight,  acid  equivalent 
and  percentage  content  of  silver  in  the  silver  salt  of  this  acid  has  indicated  that  the  acid  obtained  by  the  authors 
is  dibasic,  and  upon  heating  easily  splits  off  water  and  transforms  into  the  anhydride  with  ai  m.p.  of  73-74*,  cor¬ 
responding  to  the  formula  CxjHj^i.  Upon  heating  the  anhydride  with  alkali  solution  it  transforms  easily  into 
sodium  or  potassium  salt  of  the  acid.  Half  of  the  potassium  salt  was  converted  into  the  silver  salt  and  analyzed 
for  the  silver  content,  wheEupcn  the  silver  content  corresponded  to  the  initial  acid,  the  second  half  of  the  pot¬ 
assium  salt  was  converted  into  the  origmal  acid.  Such  ease  of  anhydride  formation  is  intrinsic  only  to  succinic 
and  glutaric  acids-,  and  to  their  saturated  fatty  dibasic  acid  derivatives,  which  allowed  the  assumption  that  a 
derivative  of  glutaric  acid  is  formed  when  conducting  the  organomagnesium  synthesis.  K.  A.  Oglobin  [2]  obtained 
a  mixture  of  dimethylisopropenylcarbinol  and  methyl-sec-butylketone  upon  reaction  of  ethylmagnesium  bromide 
with  the  methyl  ester  of  methacrylic  acid  under  analogous  conditions.  Upon  substituting  methyl  for  the  isopropyl, 
the  direction  of  the  reaction  might  be  easily  altered.  It  is  known,  for  example,  that  it  is  impossible  to  obtain 
the  tertiary  alcohol  upon  reaction  of  isopropylbromide  with  diisopropylketone  in  the  presence  of  magnesium  [3]. 
Evidently  in  our  case  the  linkage  of  isopropylmagnesium  bromide  occurs  in  position  1,4,  The  transformations 
indicated  can  be  presented  by  the  following  scheme: 
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The  obtained  unsaturated  organomagnesium  complex  (I)  isomerizesto  the  saturated  compound  (II),  and 
links  anew  to  the  second  molecule  of  methyl  methacrylate,  with  the  formation  of  the  enol  form  of  the  ester  of 
the  dibasic  acid  (III).  Upon  decomposition  of  the  organomagnesium  complex  with  water,  there  is  formed  the 
dimethyl  ester  of  a,(f-dimethyl-a-isobutylglutaric  acid  (IV).  By  saponfication  of  the  ester  by  alkali,  there  is 
obtained  the  free  dibasic  saturated  a,a',-dimethyl-a-isobutyl-gJlutaric  acid  (V).  The  authors  have  tried  to  de- 
carboxylate  the  acid  obtained,  using  the  thermal  method  according  to  Vogel  [4],  but  instead  of  the  expected  . 
hydrocarbon,  they  have  obtained  the  anhydride  of  the  acid  (VI),  which  distills  without  decomposition  at  287- 
289*,  and  melts  at  73-74*  after  recrystallization  from  petroleum  ether  (45-75*). 


Upon  reaction  of  magnesium  phenylbromide  with  the  methyl  ester  of  cinnamic  acid  (at  -10*),  Kohler 
[5]  obtained  the  methyl  ester  of  6,6-diphenylpropionic  acid  and  diphenylpropiophenone.  Kohler  considered 
that  these  products  are  formed  as  a  result  of  addition  of  phenyl-magnesium  bromide  to  the  methyl  ester  of 
cinnamic  acid  in  position  1,4.  At  first  there  evidently  occurs  addition  of  one  molecule  of  magnesium  phenyl¬ 
bromide,  as  is  quoted  in  the  scheme  of  A.D.  Petrov  and  P.S.  Bataeva  [6],  with  the  formation  of  the  methyl  ester 
of  B,6-diphenylpropionic  acid.  However,  the  reaction  may  not  be  terminated  at  this  point  only.  Petrov  and 
Bataev,  investigating  the  interaction  of  esters  of  cinnamic  acid  with  phenylmagnesiumbromide  at  +20*,  have 
demonstrated  that  the  only  reaction  product  is  the  saturated  1,1,3,3-tetraphenylpropyl  alcohol.  The  authors 
have  come  to  the  conclusion  that  termination  of  the  intermediate  reaction  stage  may  be  conditioned  not  only 
by  spatial  interference,  but  also  by  decrease  in  the  temperature  of  the  experiment. 


EXPERIMENTAL 

Synthesis  of  the  Dimethyl  ester  of  Dimethylisobutylglutaric  acid.  To  6.5  g  of  magnesium  (in  powder 
form)  was  added,  dropwise,  with  stinmg,  31  g  of  isopropylbromide  in  75  ml  of  absolute  ether.  After  dissolu¬ 
tion  of  the  magnesium,  the  mixture  was  stirred  for  an  additional  two  hours  at  room  temperature,  and  then 
cooled  on  the  outside  with  water  and  ice,  and  13  g  of  the  methylester  of  methacrylic  acid  in  25  ml  of  ether 
was  added  dropwise.  On  the  following  day  the  organic  magnesium  complex  was  decomposed  with  water  and 
ice.  The  ether  layer  was  separated.  The  remaining  residue  was  decomposed  with  ice  and  dilute  hydrochloric 
acid.  The  solution  wa5  treated  with  ether  after  the  basic  salts  of  magnesium  were  dissolved.  The  ether  ex¬ 
traction  was  washed  with  soda  solution,  with  water,  poured  into  the  first  eflier  solution,  and  the  entire  ether 
solution  dried  with  anhydrous  magnesium  sulfate.  The  liquid  remaining,  after  distilling  off  the  ether  on  a 
water  bath,  was  distilled  in  vacuo;  fractions  obtained  (at  6  mm);  1  94-114°,  2.0  g;  II  114-118°,  9.3  g;  resi¬ 
due  in  the  flask  (tat)  1.5  g. 

Fraction  II  was  redistilled,  at  which  time  the  main  mass  boiled  at  108-109°  (4  mm). 

Analysis  of  the  Fraction  with  b.p.  108-109°  (4  mm)di°  0.9721;  n^  1.4405;  MRq  66.33.  Calculated 

65.55. 

0.0849  g  substance:  0.2013  g  CO*;  0.0788  g  HjO.  0.3346  g  substance:  14.10  g  benzene:  At  0.510°. 

0.1307  g  substance:  14.10  g  benzene:  At  0.198°,  Found  <7o:  C  64.66;  H  10.39;  M  241.0,  242.3. 

Ci3H^4.  Calculated  7o:  C  63.90;  H  9.90.  M  244,3. 

Upon  pouring  together  semicarbazide  acetate  and  the  fraction  boiling  at  108-109°  (4  mm)  there  was  no 
precipitation.  A  determination  of  the  percentage  active  hydrogen  (according  to  Terente^v-Shcherbakova)  gave 
a  negative  result.  The  substance  did  not  decolorize  bromine  water  or  aqueous  potassium  permanganate. 

Saponification  of  the  Dimethylester  of  Dimethylisobutylglutaric  Acid.  25  g  of  ester,  boiling  at  136-138° 
(16  mm),  was  dissolved  in  100  ml  of  ethyl  alcohol  (96*70),  containing  15  g  of  KOH.  The  mixture  was  boiled  for 
5  hours  with  a  reflux.  Upon  completion  of  the  heating,  the  mixture  was  diluted  with  3  times  the  quantity  of 
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water,  and  the  alcohol  evaporated  off.  A  calculated  quantity  of  sulfuric  acid  was  added  to  the  remaining  aqueous 
solution  of  the  potassium  salt  of  the  acid.  The  precipitated  solid  acid  (16.3  g)  was  recrystallized  first  from  water 
(granules  with  m.p.  116-118*),  and  then  from  water-acetone  mixture  from  v/hich  the  acid  \/as  obtained  in  the  form 
of  glittering  scales  with  m.p.  124-125*. 

0.1195  g  substance:  0.2676  g  CO|:  0.1068  g  H|0.  0.1163  g  substance:  0.2586  g  CO|:  0  0952  g  HgO.  0.1465 
g  substance:  18.2  ml  Ni OH.  0.1556  g  substance:  19.3  ml  NaOH  (T  =  0.002982).  0  2489  g  substance:  18.92  g 
acetic  acid:  At  0.312*.  Found  C  61.10,  60.69;  H  9.43,  9.16;  equiv.  108.0,  108.1;  M  210.1.  CuH|,04. 
Calculated  <^:  C  61.08:  H  9.26;  equiv.  108.15:  M  216.3. 

To  a  solution  of  the  sodium  salt  of  the  acid,  obtained  after  determination  of  the  neuaalization  equivalent, 
there  was  added  the  calculated  quantity  of  silver  nitrate.  The  white  precipitate  of  the  silver  salt  was  filtered  off, 
washed  with  water,  alcohol,  ether,  and  dried  in  a  vacuum  dessicator  over  sulfuric  acid. 

0.2000  g  substance:  0.1002  g  Ag.  0.3027  g  substance:  0.1515  gAg.  Found  Ag  50.10,  50.05. 

CiiHi^4Ag|.  Calculated  Ag  50.11. 

The  analytical  data  corresponded  to  a,tf-dimethyl-a-isobutylglutaric  acid. 

Derivation  of  the  Anhydride  of  a, g '-Dimethyl -a -isobutylglutaric  Acid.  11  g  of  the  acid  was  placed  in  a 
Wurtz  flask  of  200  ml  capacity  and  the  acid  slowly  heated.  After  2  hours  the  temperature  had  risen  to  250*,  at 
which  time  there  distilled  off  a  small  volume  of  water.  All  of  the  liquid  was  then  redistilled  at  287-300*.  The 
liquid  solidified  in  the  condenser.  The  solid  mass  was  pressed  out  on  a  porous  plate,  and  melted  at  about  60*. 

6.7  g  of  the  solid  product  was  obtained,  once  more  distilled,  at  which  time  a  fraction  was  obtained  boiling  at 
287-289*.  The  product  was  recrystallized  several  times  from  petroleum  ether  (45-75*),  shiny  needles  with  m.p. 
73-74*  were  obtained. 

0.1089  g  substance:  0.2653  g  CO^:  0.0891  g  H|0.  0.1127  g  substance:  0.2753  g  CO|:  0.0922  g  H|0. 

0.2872  g  substance:  14.23  g  benzene:  At  0.522*.  0.2692  g  substance:  16.53  g  benzene:  At  0.415*. 

Found  <5t»:  C  66.43:  66.64:  H  9.16,  9.16;  M  200.3,  203.2.  CnHi,0,.  Calculated  C  66.65:  H  9.15; 

M  198.2. 

Transformation  of  the  Anhydride  into  the  Acid  and  the  Silver  Salt.  1.0  g  of  the  anhydride,  with  m.p. 

73-74*,  was  heated  in  50  ml  of  water  with  3  g  of  KOH  until  all  of  the  oily  drops  had  disappeared  from  the  sur¬ 
face  of  the  liquid.  The  cooled  solution  was  divided  into  two  equal  parts.  To  one  half  was  added  the  calculated 
quantity  of  sulfuric  acid:  whereupon  r\J  0.35  g  of  solid  substance  i»:ecipitated,  after  recrystallization  of  which 
from  water,  and  dien  from  acetone-water  mixture,  melted  at  122-123.5*. 

A  mixed  sample  with  known  acid  melted  at  122-123.5*. 

The  second  half  of  the  alkaline  solution  was  neutralized  with  dilute  nitric  acid  and  to  the  solution  was 
added  the  calculated  quantity  of  silver  nitrate.  The  precipitated  silver  salt  of  the  acid  was  filtered  off  from  the 
solution,  washed  witti  water,  alcohol,  ether,  and  dried  in  a  vacuum  dessicator  over  sulfuric  acid. 

0.2018  g  substance:  0.1012  g  Ag.  0.2212  g  substance:  0  1108  g  Ag.  Found  Ag:  50.14, 

50.07.  CuHj|04Ag|.  Calculated  <7o:  Ag  50.11. 

SUMMARY 

1.  The  reaction  of  the  methyl  ester  of  methacrylic  acid  proceeds  "anomalously"  with  isopropylmagnesiiun 
bromide:  instead  of  the  expected  diisopropylisopropenylcarbinol,  there  is  obtained  instead,  the  dimethyl  ester  of 
a,a'-dimediyl-a-isobutyl-glutaric  acid,  which  can  only  occur  by  addition  of  isopropylmagnesium  bromide  to  methyl 
methacrylate  in  the  1,4  position.  The  dimethyl  ester  of  a,a''dimethyl-a-isobutyl-glutaric  acid  converts  into 
a,a '-isobutylglutaric  acid  upon  saponification. 

2,  Upon  slow  distillation  of  a,a'-dimethyl-a -isobutylglutaric  acid,  its  anhydride  is  formed,  which  readily 
reconverts  back  into  the  salt  of  the  acid  upon  heating  with  alkali. 
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,,  SYNTHESES  EMPLOYING  ACRYLONITRILE 

i 

XVI.  THE  MECHANISM  OF  THE  CYANETHYLATION  REACTION 

A.  P,  Terentyev,  A.  N.  Kost  and  S.  M.  Gurvich 


At  the  present  time  the  cyanethylation  reaction  is  understood  to  be  the  interaction  of  acrylonitrile  with 
compounds  containing  a  mobile  hydrogen  atom.  By  this  method,  it  is  possible,  under  mild  conditions,  and  in 
good  yields,  to  introduce  one  or  more  6-cyanethyl  groups  into  compounds  of  different  types.  The  breadth  of 
application  of  this  reaction  and  it  great  synthetic  possibilities  have  attracted  the  attention  of  many  synthesis- 
chemists.  In  a  majority  of  the  cases  the  cyanethylation  reaction  requires  the  use  of  catalysts.  Only  the  hydro¬ 
gen  halides,  ammonia,  aliphatic  amines  and  strong  bases  such  as  hydrazine  or  piperidine  add  to  acrylonitrile 
with  heat  evolution  and  without  the  use  of  a  catalyst.  For  the  most  part,  the  use  of  alkaline  reagents  is  re¬ 
quired.  In  the  presence  of  strong  alkali,  water,  alcohols,  phenols,  mercaptans,  amides,  imides,  aldehydes, 
ketones,  nitro  compounds,  certain  hydrocarbons,  esters,  and  other  compounds  cyanethylate.  Aromatic  amines 
do  not  enter  into  reaction  under  normal  conditions.  For  cyanethylation  of  these  compounds,  prolonged  heat¬ 
ing,  with  the  addition  of  acid,  must  be  employed.  All  of  these  reaction  conditions  were  experimentally 
determined. 

The  authors  assume  that  addition  of  acryonitrile  occurs  in  many  cases  by  two  different  schemes  [1]. 

The  acrylonitrile  molecule  possesses  a  considerable  dipole  moment  (e  =  3.88)  due  to  the  presence  of 
the  nitrile  group,  i.e.,  the  molecule  has  a  certain  tendency  to  a  negative  charge  on  the  nitrogen  atom,  and  on 
the  other siile  ,  a  tendency  to  a  positive  charge  on  the  methylene  group: 

(+)  CH2=i3H^=^-^ . 

Upon  entering  into  reaction  with  a  substance  containing  a  mobile  hydrogen  atom,  the  acrylonitrile 
evidently  forms,  at  first,  an  unstable  compound  at  the  expense  of  the  methylene  group.  For  realization  of 
such  an  addition,  two  situations  are' theoretically  possible:  first,  linkage  to  the  negatively-charged  radical, 
and  secondly  —linkage  to  that  atom  having  a  free  pair  of  electrons. 

Let  us  examine  the  first  scheme.  In  the  simplest  case,  for  example  in  the  hydrogen  halides,  the  bond 
between  the  hydrogen  and  the  halogen  is  sharply  polarized,  the  halogen  atom  being  charged  negatively,  and 
formation  of  intermediate  compounds  occurs  easily.  Subsequently,  there  occurs  regrouping  to  the  stable  state, 
with  the  formation  of  0-haloidopropionitrile: 

(+)  (-)  (+)  (-) 

H-Hal  +  CH,=CH-C=N  — *•  [H-Hal*  CH2=CH-CN]  — Hal-CHjCHjCN. 

In  hydrogen  sulfide,  the  polarization  of  the  bond  is  considerably  weaker,  and  therefore  it  reacts  more 
slowly  with  the  acrylonitrile:  upon  addition  of  alkaline  agents,  however,  which  polarizes  the  bond,  reaction 
occurs  easily.  Alkylmercaptans,  for  the  same  rea  sons  react  with  acrylonitrile  only  in  the  presence  of  alka¬ 
line  agents,  but  the  arylmercaptans  (thiophenols)  react  comparatively  readily  without  catalysts,  where  the 
electron  pair  placed  between  the  hydrogen  and  the  sulfur  atoms  is  displaced  toward  the  sulfur  atom  at  the  ex¬ 
pense  of  the  ring  influence. 

In  water  and  alcohols,  polarization  of  the  bond  between  oxygen  and  hydrogen  atoms  is  weakly  mani¬ 
fested,  and  therefore  reaction  occurs  only  in  the  presence  of  alkaline  agents.  The  same  phenomenon  is  observed 
in  compounds  capable  of  cyanethylation  with  the  methylene  or  methine  group.  For  example,  with  malonic 
ester  the  influence  of  two  carbethoxyl  groups  imparts  a  certain  tendency  to  a  positive  charge  on  the  central 
carbon  atom,  but  the  effect  of  this  charge  occurs  only  under  the  influence  of  strong  alkaline  reagents. 

Cyanethylation  of  compounds  containing  the  amino  or  imino  group  is  a  most  interesting  case.  In 


2027 


primary  aliphatic  amines  (similarly  with  hydrazine,  hydroxylamine  or  cyclic  derivatives  of  pyrrolidine  or  piperi-  r 

dine -type)  the  ability  of  the  hydrogen  atom  to  ionize  is  not  manifested,  but  the  ability  for  addition  is  intensely 
manifested.  Here  is  observed  the  second  scheme  of  reaction  course,  namely,  addition  of  acrylonitrile  to  a  free 
pair  of  electrons  of  the  nitrogen  atom: 

H  (+)  (-)  [■  H  n 

R-N  :  +CH,==CH-C=N  R-N  :  CH,=CH-CN  -►  R-NH-CHjCHiCN 

H  _  “  J 

Reaction  proceeds  vigorously  with  heat  evolution.  The  yields  of  N-substituted  6 -aminopropionitriles  are 
high.  We  have  systematically  studied  [2]  this  type  of  cyanethylation  reaction. 

Obviously,  the  greater  the  basicity  of  the  amine,  the  easier  should  be  the  course  of  cyanethylation  re¬ 
action.  Observations  of  this  kind  were  experimentally  carried  out  [3]. 

The  free  pair  of  electrons  of  the  nitrogen  atom  is  drawn  toward  the  carbon-oxygen  double  bond,  or  the 
carbon-carbon  bond  in  amides,  imides,  pyrrole  and  indole.  The  ability  for  complex  formation  is  weakened  and 
the  nitrogen  atom  acquires  the  tendency  to  a  positive  charge,  and  the  cyanethylation  reaction  proceeds  only  in  the 
presence  of  alkaline  agents,  i.e.,  according  to  the  first  scheme. 

In  aromatic  amines,  the  complex-forming  properties  of  the  nitrogen  atom  are  considerably  weaker  than 
in  the  aliphatic  and  the  tendency  to  hydrogen  atom  ionization  is  very  negligible.  Attempts  to  carry  out  the  re¬ 
action  according  to  the  first  type,  i.e.  in  the  presence  of  alkaline  reagents,  were  unsuccessful;  however,  it  was 
empirically  found  that  aromatic  amines  may  be  cyanethylated  in  the  presence  of  acid  agents  (sulfuric;  Acetic, 
phosphoric,  hydrochloric  acids,  acetic  anhydride)  or  copper  and  nickel  salts  [4]. 

These  catalysts  easily  form  complex  compounds  with  aromatic  amines.  Upon  heating  such  a  complex 
(where  the  nitrogen  atom  is  positively  charged)  there  occurs  replacement  of  the  anion  by  the  cyanethyl  group, 
with  the  establishment  of  a  covalent  bond  and  the  displacement  of  the  hydrogen  atom.  Thus,  with  the  aid  of 
external  complexing  agents,  it  is  possible  to  direct  the  reaction  according  to  the  second  scheme. 

Evidently  the  cyanethylation  in  the  ring  of  aromatic  compounds  that  takes  place  inithe  presence,  of  An-  i  i:, 
hydrous  aluminum  chloridfe,  even  though  slowly,  can  be  regarded  in  the  same  light. 

Thus,  the  schemes  proposed  by  the  authors  practically  unify  all  cases  of  simple  cyanethylation  and 
permit  a  deliberate  choice  of  reaction  conditions. 

In  both  schemes  we  have  assumed  that  the  ];x:oton  displacement  occurs  in  the  second  stage  of  the  re¬ 
action.  The  case  of  initial  linkage  of  the  proton,  we  did  not  examine,  because  it  is  known  that  in  the  presence 
of  excess  photons  their  slow  addition  occurs,  not  to  the  methine  group,  but  to  the  nitrogen  atom  in  the  acrylo¬ 
nitrile  molecule.  Thus,  for  example,  upon  sulfuric  acid  reaction,  saponification  to  acrylic  acid  occurs  [6]. 

Bruson  indicated  that  cyanethylation  of  carboxylic  acids  is  not  possible  [6].  It  may  be  that  in  this  case  that 
reaction  of  the  nitrile  group  with  the  protons  inhibits  cyanethylation.  Also  omitted  is  the  case  of  addition  of 
acrylonitrile  to  free  neutral  radicals,  because  this  case  yields  mainly  polymerization  processes,  which  is  quite 
amply  covered  in  the  contemporary  literature. 

From  a  cursory  inspection  of  the  cyanethylation  reaction,  it  can  be  seen  that  in  the  most  interesting 
instances  it  occurs  under  the  influence  of  alkaline  reagents  and  in  the  American  literature  so-called  "Triton- 
B"  is  frequently  mentioned,  i.e.  a  AQPjo  solution  (aqueous)  of  trimethyibenzylammonium  hydroxide  [6]. 

The  application  of  organic  bases  is  explained  by  their  good  solubility  in  organic  compounds,  as  a  result 
of  which  the  reaction  goes  in  homogeneous  medium,  which  of  course  speeds  up  the  process.  Wide-spread  ad¬ 
vertising  by  American  scientists  of  the  catalyst,  "Triton  B"  is  partly  connected  with  these  advantages  of  or¬ 
ganic  bases,  but  to  a  greater  degree,  it  seems,  is  determined  by  the  interests  of  the  firm  which  manufactures 
this  catalyst. 

V.  M.  Rodionov  and  N.  G.  Yartseva  [7]  have  shown,  in  the  example  of  phthalimide  cyanethylation,  that 
other  quaternary  ammonium  bases  can  be  utilized  with  equal  success,  at  which  time  they  proposed  a  simpler 
and  more  easily  derived  agent,  namely  an  alcoholic  solution  of  ethoxytrimethylphenylammonium  hydroxide. 

According  to  the  work  of  Rodionov  and  Yartseva  there  appeared  reports  by  other  authors  who  utilized  methyl- 
triethylammonium  hydroxide  [8]  and  butoxytrimethylbenzylammonium  hydroxide  [9]  in  the  capacity  of  cata¬ 
lysts. 
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We  have  run  a  series  of  experiments,  applying  Rodionov's  catalyst  for  the  cyanethylation  of  various  com¬ 
pounds,  wherein  it  was  found  that  the  cyanethylation  reaction  proceeds  very  vigorously  in  the  presence  of  this 
catalyst,  and  the  cyanethylation  product  yields  are  not  worse,  and  in  a  series  of  cases  are  better  than  with  the  use 
of  "Triton  B"  [1]. 

The  comparative  results  are  quoted  in  Table  1. 

TABLE  1 

Cyanethylation  in  the  presence  of  Rodionov  catalyst 


Initial  substance 


I  Catalyst  ,  Solvent  Temp.  Reaction  product 


;M.  pt. 

Yield(in®^) 

Lit.  ref. 

175.5* 

95-97 

[1] 

175 

97 

[6] 

128-129.5 

65 

[1] 

I 

128-129 

57 

[6] 

128-129 

64 

[9] 

71.5 

90 

[1] 

70 

94 

[6] 

^  82 

83 

[1] 

82 

79 

[9] 

82 

80 

[9] 

156.5 

89 

[1] 

155.5 

84.5 

[10] 

88-89 

82 

[1] 

88.5-89 

80 

[11] 

CR 


<  I 


TB 

CR 


^/-C-GH, 


— \ 


f  I  Cr 


CH,-C -CH-COOCjH, 
O 


1  TB 
BTBA 

i 

iCR 


H- 


TB 


Benzene  25-50 


TB 

BTBA 

Cr 


KOHin 

CHjOH 


CHjCHjCN 

—  4ch,ch,cn 


CHjCHjCN 


"  30^5 

Benzene  20 


Dioxane  30-40 
ter-C4HjOH  20 


-\ 


CHjCHjCN 


CHjCHN 


Benzene  25-30  ~ 


/ 


\ 


ter-C4H90H  10-25  „ 
Benzene  20  n 

Dioxane  20 
Dioxane  20 
Benzene  0 


CH,CH,CN 

•C-C=N 

I 

CHjCHjCN 


CHjCHjCN 


'  C  Hj  -C  -C  -COOC1H5 

'i  I 

O  CH,CH,CN 


I 

CHjCHjCN 


Dioxane  0 
Benzene  60 


Dioxane '  60 


CHjCHjCN 


Conventional  symbols:  CR  -  Rodionov  catalyst  (alcoholic  solution  of  ethoxytrimethylphenylammonia); 

TB  -  "Triton  B"  (40  aqueous  solution  of  trimethylbenzylammonium  hydroxide);  BTBA  -  butoxytrimethylbenzylammonia. 


It  should  be  noted,  however,  that  the  use  of  quaternary  ammonium  bases  are  not  always  advantageous. 
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I  In  the  ixesence  of  alkali  or  alcoholate  the  reaction  proceeds  more  slowly  but  Is  easier  to  control.  It  is  also  in¬ 

convenient  to  use  quaternary  ammonium  bases  in  those  cases  where  reaction  requires  heating  to  mojre  than  60*. 
because  at  this  temperature  deconposition  of  the  catalyst  starts. 

In  examining  the  reaction  mechanics  it  is  necessary  to  consider  the  fact  that  the  cyane thy lation  process 
occurs  reversibly: 

R-H  +  CH,=CH-CN  R-CHiCH,CN. 

There  are  directions  in  the  literature  to  the  effect  that  cyclohexylamine  reacts  vigorously  with  acryloni¬ 
trile,  forming  6 -cyclohexylaminopropionitrile,  hut  this  compound  upon  distilling  (even  in  vacuo)  breaks  down 
very  easily  into  the  initial  components  [12].  Analogous  phenomena  were  observed  upon  cyanethylation  of  certain 
other  amines  [10,13].  The  presence  of  an  equilibrium  system  in  the' cyanethylation  of  amines  is  also  confirmed 
by  the  fact  that  the  yields  of  cyanetiiylation  products  increase  if  either  acrylonitrile  or  amine  is  taken  in  excess 
[2,  10]. 

There  are  fragmentary  directions  on  the  reversibility  of  the  reaction  in  the  case  of  cyanethylation  of  alco¬ 
hols  and  phenols  [5,  14],  An  assumption  has  been  expressed  concerning  the  reversibility  of  the  reaction  between 
chloroform  and  acrylonitrile  [15].  In  one  of  the  preceding  articles  [16]  we  demonstrated  that  upon  cyanethylation 
of  ammonia  there  is  set  up  a  dynamic  equilibrium  in  all  stages  of  the  reaction. 

Thus  it  may  be  assumed  with  sufficient  grounds,  that  all  cyanethylation  reactions  are  in  equilibrium,  to  a 
more  or  less  degree.  From  this  assumption  it  follows  that  the  introduction  into  the  equilibrium  system  of  another 
compound,  capable  of  being  cyanethylated,  can  result  in  additional  cyanethylation  products: 

-RH  +R’H 

R-CH|CH,CN  ^ ^  CH,=CH-CN  R'-CHjCHjCN. 

+  RH  -R*H 


Actually,  upon  heating  6 -dimethyl am inopropionitrile  with  piperidine  we  have  observed  separation  of  dimethyl' 
amine  with  fwmation  of  6-piperidylptopionitrile: 


(CHj),N-CH,CH,CN— ►  (CH3)iNh|  + 


^N-CH|CHtCN. 


Analogously,  there  was  obtained  6-dibutylaminopropionitrile  from  dibutylamine  and  the  same  aminoni- 
trile,  during  which,  as  would  be  expected,  the  yield  of  6,N-piperidylpropionitrile  was  found  to  be  higher,  than  that 
of  B -dibutylaminopropionitrile  as  a  result  of  the  greater  basicity  of  piperidine. 

We  indicated  earlier  [17]  that  upon  heating  piperidine  with  ethylenecyanhydrin,  there  is  formed  the  pip¬ 
eridine  cyanethylation  product 


NH  +  HO-CH,CH,CN 


N-CH,CH,CN. 


It  was  found  that  the  same  compound  is  formed  upon  heating  piperidine  with  B-methoxypropionitrile. 


If,  instead  of  piperidine,  one  takes  dibutylamine,  then  B-dibutylaminoF^opionitrile  is  obtained: 


(C4Hj),NH  +  CH,0-CH,CI%CN  —  (C4H9)jN-CH,CH,CN. 


The  authors  have  carried  out  all  of  the  reactions  described  above  without  catalysts,  because  in  the  re 
action  medium  amine  was  present. 


For  carrying  out  the  analogous  reaction  with  malonic  ester,  the  introduction  of  alkaline  catalyst  was 
found  to  be  indispensible.  And,  namely,  B -ethoxypropionitrile  does  not  react  under  ordinary  conditions  with 
maltmic  ester,  but  in  the  presence  of  sodium  ethylate  the  reaction  goes  with  the  formation  of  mono-ana  of 
di-cyanethylation  products  of  malonic  ester. 


COOCjHj 
CHj 


+  CjHsO-CHjCHiCN 


CaHsONa 


COOCiHg 

CH-CHgCHiCN 


COOCjHs 


COOCjHg 
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COOCjHj 

CH-CH,CH,CN  +  CjHsO-CHtCHjCN 

COOC,t% 

Thus,  it  appeared  that  the  recyanethylation  reaction  goes  slowly  and  with  evolution  of  considerable  heat, 
at  which  time  splitting  of  the  O-C  bond  occurs  more  easily  than  the  N-C  bond. 

In  the  literature  there  are  brief  directions  [5],  on  the  observation  that  upon  heating  the  product  of  dicyan- 
ethylation  of  acetamide  with  acetamide,  in  the  presence  of  alkaline  agents,  there  occurs  recyanethylation: 

CH3C0N(CH,CH,CN),  +  CHjCONH,  2CH,CONHCH,CH,CN 

It  was  of  interest  to  attempt  to  obtain  by  this  method  of  monocyanethylated  compounds  of  type  R|CH-CH|CHtCN 
where  the  cyanethyl  group  is  linked  with  the  carbon  atom.  As  an  example  acetone  was  taken,  which  forms,  easily, 
the  tricyanethylated  derivative: 

CHjCOCHj  CHjCOC(CH,CH,CN)j. 

Upon  heating  tricyanethylated  acetone  with  acetone,  we  presumed  to  obtain  y-acetobutyronitrile.  However, 
upon  combined  heating  of  these  substances  in  the  presence  of  caustic  potash  for  13  hours  at  100*  (in  a  sealed  ampoule), 
or  during  6  hours  at  150*  (in  an  iron  autoclave)  we  obtained  the  initial  substances  and  negligible  quantity  of  resin. 

An  attempt  to  carry  out  recyanethylation  by  heating  to  100-200*  of  tri-(  6 -cyanethyl)-acetone  with  sodium  methylate, 
or  diethylamine,  also  gave  negative  results:  i.e.,  it  was  found  that  in  tricyanethylated  acetone,  the  cyanethyl  groups 
are  bound  firmly,  and  under  these  conditions  do  not  split  off. 

The  results  of  the  authors*  experiments  on  recyanethylation  are  quoted  in  Table  2. 

EXPERIMENTAL 

I.  Cyanethylation  with  Rodionov  Catalyst 

Rodionov  catalyst  was  prepared  according  to  the  method  of  V.  M.  Rodionov  and  N.  G.  Yartseva  [7].  At  the 
time  it  was  noticed  that  the  initial  methyl  ester  of  p-tolylsulfoacid  should  not  contain  sulfochloride  impurity,  be¬ 
cause  otherwise  the  Rodionov  salt  turns  blue  in  color,  and  the  activity  of  the  catalyst  decreases. 

Upon  cyanethylation  of  cyclopentanone  and  phenylacetonitrile,  we  examined  the  influence  of  sequence  of 
introduction  of  components  into  the  course  of  the  reaction.  If  Rodionov  catalyst  is  added  to  a  mixture  of  acryloni¬ 
trile  and  phenylacetonitrile,  then,  at  low  temperatures  (0  to  5*)  reaction  practically  fails  to  go,  but  if  the  temperature 
is  raised  to  10-15*,  a  vigorous  reaction  develops  unexpectedly,  which  acquires  the  nature  of  an  explosion,  even  upon 
adding  considerable  quantity  of  neutral  solvent  (10-15  volumes).  The  caulyst  should  therefore  be  added  first  and  the 
acrylonitrile  then  added  dropwise. 

All  compounds  obtained  by  the  authors  through  cyanethylation  in  the  presence  of  this  catalyst  (see  Table  2) 
were  synthesized  by  approximately  the  same  methods,  and  therefore  we  give  a  description  of  a  typical  experiment. 

Cyanethylation  of  Cyclopentanone.  S.  V.  Vitt  participated  in  the  carrying  out  of  the  experiment.  21  g 
(0.25  mole)  of  cyclopentanone,  250  ml  of  dry  benzene  and  1  ml  of  freshly  prepared  Rodionov  catalyst  were  placed 
in  a  flask  equipped  with  stirrer,  reflux  condenser,  thermometer  and  dropping  funnel.  With  vigorous  stirring  and  ex¬ 
ternal  water -cooling,  58  g  (1.1  mole)  of  acrylonitrile  was  introduced  dropwise  over  a  period  of  3  hours,  the  tempera¬ 
ture  being  maintained  at  25-30*.  If  precipitation  of  crystals  was  not  observed  after  the  addition  of  5-8  ml  of  acryl¬ 
onitrile,  then  further  addition  was  stopped,  the  mixture  carefully  heated  by  warm  water  (not  higher  than  40*)  and 
5-6  drops  of  catalyst  added  if  necessary.  After  completion  of  the  acrylonitrile  addition,  the  solidified  mass  was 
mixed  for  2  hours  at  40-50*,  and  left  for  the  night  at  room  temperature.  The  crystals  were  then  cooled  and  filtered 
off  by  suction.  71-72  g  (i.e.,  95-97  ’’Jo  of  theoretical)  of  2,2,5,5-tetra-(6-cyanethyl)-cyclopentanone  with  m.p.  175.5* 
was  obtained. 

Literature  data:  m.p.  175*  (from  methylethylketone)  [6]. 

II.  Recyanethylation  Reactions 

l,l,l-Tri-(6-cyanethyl)-acetone  was  obtained  in  yield  of  73‘5fc  by  reaction  of  acrylonitrile  at  45*  with  excess 
acetone  in  the  presence  of  sodium  ethylate.  M.p.  151,  which  corresponds  to  the  literature  data  [18].  6 -Dimethylamino- 
propionitrile  was  obtained  by  a  modified  method  of  A.P.  Terentyev  and  A.N  Kost  [19].  53  g  (1  mole)  of  acrylonitrile 
was  added  in  small  portions,  with  vigorous  stirring,  to  120  g  of  50<7o  aqueous  solution  (1.33  mole)  of  dimethylamine,  after 
which  the  mixture  was  heated  under  reflux  for  5  hours  on  a  water  bath.  The  reaction  product  was  salted  out  by  addition 
of  50  g  of  potash,  was  separated,  dried  with  fused  potash,  and  distilled.  71.5  g  of  8-dimethylaminoi»opionitrile  was  ob¬ 
tained:  b.p.  169-171*  at  745  mm.  Yield  73*^01  theory.  2031 


COOCjHj 
I  CH,CH,CN 

I  CH,CH,CN 
COOCjH, 


TABLE  2 

Recyanethylation  reaction 


^  faction  conditions]  _  j  u  i  j 

Cyanethylated  compound]  Cyanethylating  agent'  Catalyst  |  Tem^  i  obtained 


(C4H^NH 


(C4H,),NH 


(CH,),N-CH,CH,CN 


Vi^Crt,0-CH,CH,CN 


Without  .  40 
catalyst  i 


>N-CH,CH,CN  I  30 


(C4H9),N-CH,CH,CN 


•N-CH,CH,CN  13 


(C4H9),N-CH,CH,CN  !  15 


cocx:,H5 


COOCtHj 


CjHjO-CHiCHiCN  'CjHsONa  i  10 


(CjHjOOCliCH-CHiCHtCN  27 
(C2H500C),C(CH,CH,CN)|  10 


CH,-C-CH, 

O 

;i 

CH,-C-CH, 

(CjHjljNH 


CH3-C-C(CH,CH,CN)8  . 


iKOH 

Without 

catalyst 

CH^Na 


Recyanethylation  prod¬ 
ucts  not  found 


CHjOH 


6  -Methoxy-  and  6  -ethoxypropionitrile  were  obtained  by  cyanethylation  of  the  corresponding  alcohols  in  the 
presence  of  sodium  alcc^olate  [14]. 

Cyanethylation  of  B-dimethylaminopropionitrile.  a)  A  mixture  of  9.8  g  (0.1  mole)  of  B -dimethylamino- 
propionitrile  and  15  g  (0.17  mole)  of  piperidine  was  heated  for  10  hours  at  160*,  during  which  time  continuous 
evolution  of  dimethylamine  was  observed.  The  piperidine  excess  was  then  distilled  off,  and  the  residue  frac¬ 
tionally  distilled  in  vacuo.  Two  fractions  were  obtained:  1st  fraction— 6.7  g;  b.p.  45-47*  at  4  mm;  n^  1.4920; 
reiHesented  the  initial  6 -dimethylaminopropionitrile.  2nd  fraction  -4.1  g;  b.p.  77-78*  at  3  mm;  n”  1.4702; 
d**  0.9438;fr<Mn  the  constants  was  identified  as  6,Ni)ipetidylpropionitrile.  The  picrate,  m.p.  158*  (from  alco¬ 
hol)  did  not  give  depression  with  the  picrate  of  6,N-piperidylpropionitrile.  Yield  of  B,N-piperidylpropionitrile 
was  30<5b  of  theory,  on  tiie  basis  of  6-dimethylamincpropionitrile. 

b)  A  mixture  of  14.7  g  (0.15  mole)  of  fl-dimethylaminopropionitrile  and  12.9  g  (0.1  mole)  of  dibutyl- 
amine  was  heated  for  40  hours  at  170*  (to  the  cessation  of  dimethylamine  evolution).  After  cooling,  the  reaction 
mixture  was  fractionally  distilled  in  vacuo.  After  distillation  of  the  reaction  mixture  there  was  obtained  3.7  g  of 
fraction,  b.p.  112-113*  at  7  mm;  identified  as  6-dibutylaminoptopionitrile;  yield  20%  of  theory;  n^  1,4450;  dj® 
0.8604;  56.39.  Cul^I^.  Calculated  56.76.  Picrate  m.p.  76*  (from  alcohol),  which  corresponded  to 

the  literature  value  [3,  10]. 

Cyanethylation  of  B  ralkoxypropionitrileamine.  a)  A  mixture  of  8.5  g  (0.1  mole)  of  B -methoxy propion- 
itrile  and  8.5  g  (0.1  mole)  of  piperidine  was  heated  for  15  hours  at  120*.  After  cooling,  the  mixture  was  distilled 
in  vacuo.  1.8  g  (13%  of  thecwy)  B -Ni?iperidylpropionitrile  was  obtained.  B.p.  76-77*  at  3  mm;  n”  1.4680;  dj® 
0.9463.  Picrate,  m.p.  157*  (from  alcohol). 

b)  A  mixture  of  8.5  g  (0.1  mole)  of  B*methoxypropionitrile  and  12.9  g  (0.1  mole)  of  dibutylamine  was 
heated  for  16  hours  at  180*,  and  afterwards  distilled  in  vacuo.  2.8  g  of  B-^libutylaminoixopionitrile,  i.e.  15%  of 
theory,  was  obtained.  B.p.  98-100*  at  3  mm;  nJJ  1.4448;  dj®  0.8581.  Picrate,  m.p,  76*  (from  alcohol). 

c)  To  a  solution  of  sodium  ethylate  (2.3  g  of  sodium  in  40  ml  of  absolute  ethyl  alcohol)  was  added  32  g 
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(0.2  mole)  of  malonic  ester  and  9.9  g  (0.1  mole)  of  6-ethoxypropionitrile.  The  mixture  was  heated  for  10  hours  on 
a  water  bath,  and  then  3  times  the  volume  of  water  was  added,  acidified  with  hydrochloric  acid,  and  extracted  4 
times  with  ether.  The  ether  extract  was  dried  with  anhydrous  sodium  sulfate,  the  ether  distilled  off,  and  the  residue 
distilled  in  vacuo.  The  products  of  mono-  and  di-cyanethylation  of  malonic  ester  were  obtained.  The  monocyan- 
ediylation  product  (ethyl  ester  of  a^carbethoxy-y-cyanbutyric  acid)  was  obtained  in  quantity  amounting  to  5.7  g 
(i.e.  27«^  of  theory).  B.p.  140-142*  at  5  mm;  ng  1.4380;  dj®  1.0881;  MRj)  51.44;  C|oH,504N.  Calculated  MRjj 
51.51.  The  dicyanethylation  product  (the  dinitrile  of  y,y-dicarbedioxypimelic  acid)  was  obtained  in  an  amount 
equal  to  1.3  g  (i.e.,  lQ°Jo  of  theory).  B.p.  193-198*  at  5  mm;  m.p.  61*  (from  alcohol). 

The  constants  for  both  substances  corresponded  to  the  literature  data  [20]. 

Cyanethylation  widi  tti-(B-cyanethyl)-acetone.  a)  A  mixture  of  4.3  g  of  tri-(6-cyanethyl)-acetone,  18  ml 
of  dry  acetone  and  0.5  g  of  solid  caustic  potash  was  heated  for  13  hours  in  a  sealed  flask  at  100*.  The  brown  mix¬ 
ture  was  diluted  with  double  the  volume  of  water  and  extracted  with  ether.  Upon*  distillation  of  the  dried  ether 
extract  in  vacuo,  it  was  not  possible  to  separate  the  nitrile  of  y-acetobutyric  acid.  The  residue  after  recrystalliza¬ 
tion  from  alcohol  was  found  to  be  the  initial  tri-(  6 -cyanethyl) -acetone  with  m.p.  151*. 

An  analogous  result  was  obtained  upon  heating  3  g  of  tri-(B-cyanethyl)-acetone  and  10  ml  of  acetone  in  an 
iron  tube  for  6  hours  at  150*  (in  the  presence  of  0.1  g  of  caustic  potash). 

b)  0.5  g  of  sodium  was  dissolved  in  25  ml  of  absolute  methyl  alcohol,  and  then  3  g  of  tri-(6-cyanethyl)-ace- 
tone  was  added,  and  the  mixture  heated  for  7  hours  under  reflux.  After  cooling,  the  mixture  was  neutralized  with 
acetic  acid  and  dried.  After  distillation  of  the  methyl  alcohol  and  acetone  (in  vacuo),  there  remained  only  the 
initial  tti-(6-cyanethyl)-acetone. 

In  a  second  experiment,  the  vapors  of  methyl  alcohol  were  conducted  through  liquid  tri-(cyanetiiyl)-acetone 
in  the  presence  of  caustic  potash  at  200*  for  2  hours.  The  distillate  contained  only  methyl  alcohol.  From  the  re¬ 
act!  on  flask,  in  vacuo,  up  to  200*,  nothing  distilled  over.  The  residue  resinified  partially.  tri-(6-cyanethyl)-acetone. 

c)  A  mixture  of  3  g  of  tri-(B  -cyanethyl)-acetone  and  20  ml  of  diethylamine  was  heated  fw  7  hours  under 
reflux.  Then  the  amine  was  distilled  off  in  vacuo,  but  the  residue  was  found  to  be  only  the  initial  tti-(cyanethyl)- 
acetone. 


SUMMARY 

1..  A  mechanism  was  proposed  for  the  cyanethylation  reaction,  which  gives  the  possibility  for  explaining 
and  choosing  beforehand  the  catalysts  for  this  reaction. 

2.  The  wide  application  of  ethoxytrimethylbenzylammonium  hydroxide  (Rodionov  catalyst)  in  die  capacity 
of  an  alkaline  agent  for  cyanethylation  reactions  was  demonsttated. 

3.  The  reversibility  of  the  cyanethylation  reaction  was  ixroven  in  a  series  of  examples.  Several  cases  of 
recyanethylation  were  investigated. 


LITERATURE  CITED 

[1]  A.  P.  Terenty^  and  A.  N.  Kost,  Reports  of  the  Scientific  works  of  the  Members  of  the  D.I.  Mendeleev 
All-Union  Chem.  Soc.  1950,  No.  4,  1;  News  of  the  Moscow  State  University,  1950,  No.  12,  71,  [2]  A.P.  Terentyev 
J.  Gen.  Chem.  12.  415  (1942);  A.P.  Terentyev,  and  A.N.  Kost,  J.  Gen.  Chem.  16,  859  (1946);  20,  1275  (1950);  A.N. 
Kost,  News  of  the  Moscow  State  Univ.  1947,  No.  2,  141;  Scientific  Notes,  Moscow  State  Univ.  VI,  No.  131,  37  (I960). 
[3]  J.  Burckhalter,  E  Jones,  W.  Holcomb,  L.  Sweet,  J.  Am.  Chem.  Soc,  65,  2014  (1943).  [4]  A.P.  Terentyev'  and 
A.N.  Kost  and  V.M.  Potapov,  J,  Gen.  Chem.  18,  82  (1948);  A.F.  Bekhli;  and  A.G.  Serebtenikova,  J.  Gen.  Chem.  19, 
1553  (1949).*  [5]  O.  Bayer.  Z.  Ang.  Chem.,  61,  229  (1949).*  [6]  H.  Bruson,  Org.  React.  V,  N.Y.,  1949.*  [7]  V.M.  Rod¬ 
ionov  and  N.G.  Yartseva,  Bull.  Acad.  Sci.  U.S.S.R.,  1948,  251.  [8]  G.  Buckley,  T.  Elliott,  F,  Hunt,  A.  Lowe,  J.  Chem. 
Soc.,  1947,  1505.  [9]  G,  Zellars,  R.  Levine,  J.  Org.  Chem.,  13,  911  (1948).  [10]  F.  Whitmore,  H.  Mosher,  R.  Adams, 
R.  Taylor,  E.  Chapin,  C.  Weisel,  W.  Janko,  J.  Am.  Chem.  Soc.,  66,  725  (1944).  [11]  R.  Blume,  H.  Lindwall.  J.  Org. 
Chem.,  10,  255  (1945).  [12]  U.  Hoffmann,  B.  Jacobi,  German  patent  598.  185  (1931);  Frdl.,  20,  L  346;  D.  Tarbell, 
W.  Shakespeare,  C.  Claus,  J.  Bunnett,  J.  Am.  Chem.  Soc.,  68,  1217  (1946).  [13]  G.  Bachman,  R.  Mayhew,  J.  Org. 
Chem.,  10,  245  (1945).  [14]  W.  Utermohlen,  J.  Am.  Chem.  Soc.,  67,  1505  (1945).  [15]  H.  Bruson,  W.  Niederhauser, 

T.  Riener,  W.  Hester,  J.  Am.  Chem.  Soc.  67,  601  (1945).  [16]  A.  P.  Terentyev,  K.  L  Chursina  and  A.N.  Kost,  J. 

Gen.  Chem.  20,  1073  (1950)t*[17]  A.P.  Teren^ev  and  A.  N.  Kost,  J.  Gen.  Chem.  18,  510  (1948).  [18]H.  Bruson, 

T.  Renier,  J.  Am.  Chem.  Soc.  64,  2850  (1942);  A.P.  Terenty^  and  S.M.  Gurvich,  News  of  the  Moscow  State  Univ. 
1950,  No.  5,  47.  [19]  A.P.  Terentyev  and  A.N.  Kost,  J.  Gen.  Chem.  17,  1632  (1947).  [20].  G.  Hesse,  E  Bucking, 

Ann.  563,  31  (1949). 

Received  June  8,  1951  Moscow  State  University,  Academician  N.D.  Zelinsky  Laboratory 

_ _ of  Organic  Chemistry 

*  See  Consultants  Bureau  translation  page  1563.  **  See  Consultants  Bureau  translation  page  1115. 


I 

PREPARATION  OF  RICINOLEIC  ACID  OXIDE 
G.  V,  Pigulevsky  and  E.  M.  Rostomyan 


The  first  studies  on  preparation  of  oxides  of  ricinoleic  acid  and  of  its  isomer-ricinelaidic  acid,  were  re¬ 
ported  by  Boeseken  and  his  co-workers  [1,2].  These  authors  obtained  ricinoleic  acid  oxide  by  oxidation  of  methyl 
ricinoleate  using  benzoyl  peroxide  with  subsequent  saponfi cation  of  the  oxidation  product..  Ricinoleic  acid  oxide, 
separated  from  salts,  was  liquid  and  had  [a]^— 6.6”.  It  must  be  noted  that  only  the  initial  ricinoleic  acid  appears 
to  have  been  sufficiently  purified.  The  subsequent  steps  -  preparation  of  the  methyl  ester,  its  oxidation,  and  sep¬ 
aration  of  the  liquid  ricinoleic  acid  oxide  -  were  not  accompanied  by  any  purification:  consequently  there  is  in¬ 
sufficient  assurance  of  purity  in  the  prepared  oxide. 

We  set  ourselves  the  usk.  employing  results  of  our  earlier  studies  [3],  of  synthesizing  ricinoleic  acid  oxide, 
passing  through  stages  of  preparing  the  acid  by  individual  steps. 


The  reaction  was  carried  out  according  to  the  following  scheme : 

CH,-<CH,)5-CHOH-CH,-CH=CH-(CH,)t-COOCH, 

(I) 


(CH,C0)»0 


ch,-(ch,)6-<:h(Ococh,)-ch,-ch=ch-(CH,)7-ccxx:h, 

o 

\ 


CH«CCX)OH 


ch,-(ch,)5-ch(Occx:h,)-ch,-ch-ch-(ch,)7-cooch, 

(Dl) 

/\ 

— CH,-(CH,)5-CH0H-CH,-CH-CH-(CH,)7-C00H 


(IV) 


EXPERIMENTAL 

Caster  oil  with  an  iodine  number  of  88.3  served  as  the  starting  material.  The  acid  separated  from  caster 
oil  was  esterified  with  methyl  alcohol  in  the  presence  of  HCl  (S^).  The  esterified  acid  was  subjected  to  fractional 
distillation  under  vacuum  (0.26  mm).  A  fraction  was  separated  boiling  within  the  limits  of  189-193*  with  *  5.00*. 

According  to  the  literature,  b.p.  is  246*  (10  mm);  ajj  +  4.68*. 

Ricinoleic  acid  methyl  ester  (J)  was  acetylated  under  usual  conditions.  The  acetylated  product  was  sub¬ 
jected  to  fractional  distillation.  The  main  fraction,  boiling  between  the  limits  of  181  and  184*  (0.14  mm),  had 
the  following  properties: 

dj®  0.9475;  nJJ  1.45697;  +20.08*.  Iodine  No.  76.08  (calculated  71.75). 

0.1251  g  substance:  0.3286  g  COj:  0.1249  g  1^0.  0.1242  g  subsunce:  0.2999  g  CQ|:  0.1140  g  H|0. 

1.1524  g  substance:  0.3499  g  KOH.  1.1006  g  substance:  0.3375  g  KOH.  Found  C  71.63.  71,62: 

H  11.16,  11.16;  saponification  number  303.2,  306.6.  CtiH|yQ4.  Calculated  C  71.19:  H  10.73: 

saponification  number  316.4. 

The  acetylated  ester  (III)  (Qq  +  20.68)  was  oxidized  by  acetyl  peroxide  in  presence  of  ether.  Acetyl 
peroxide  was  taken  in  some  excess  (10  <]{>).  Oxidation  was  completed  in  10  days.  The  oxide  of  acetylated  methyl 
ester  of  ricinoleic  acid  was  fractionally  distilled  under  vacuum  (0.12  mm).  A  fraction  with  b.p.  187-188*  was 
separated. 

Oj)  +  10.12*;  dj®  0.9819;  nJJ  1.45407;  MRp  102.06;  calculated  101.93. 
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0.1238  g  substance:  0.3095  g  COj:  0.1187  g  HjO.  0.1115  g  substance:  0.2792  g  COj;  0.1065  g  HjO. 
0.3610  g  substance:  0.1060  g  KOH;  0.3416  g  substance:  0.1012  g  KOH.  Found  <7o:  C  68.18,  68.29; 

H  10.73,  10.68:  saponification  number  293.7,  296.3.  C^iHssOg.  Calculated  °lo\  C  68.10;  H  10.20; 
saponification  number  303.2 . 

The  analytical  results  show  that  we  prepared  the  oxide  of  acetylated  methyl  ester  of  ricinoleic  acid 

(m). 

The  oxide  was  saponified  cold  widi  alcoholic  caustic.  By  addition  of  the  calculated  quantity  of  sul¬ 
furic  acid  to  the  potassium  salt,  ricinoleic  acid  oxide  was  separated.  The  latter  was  extracted  using  ethyl 
ether.  On  evaporation  of  the  ether,  the  oxide  crystallized.  M.p.  30-31*.  The  oxide  (IV)  was  readily  soluble 
in  alcohol  and  poorly  soluble  in  petroleum  ether,  [a]^  — 6.68*. 

0.1120  g  substance:  0.2816  g  COj:  0.1135  g  H|0.  0.1168  g  substance:  0.2941  g  COj:  0.1167  g  HjO. 
Found  C  68.57,  68.67;  H  11.24,  11.18.  Ci,Hj404.  Calculated  <^o:  C  68.79;  H  10.83. 

SUMMARY 

1.  Acetylated  ricinoleic  acid  methyl  ester  was  prepared;  it  showed  high  rotation  of  the  polarization 
plane,  [ajp  +21.2*. 

2.  The  oxide  of  acetylated  ricinoleic  acid  methyl  ester,  prepared  for  the  first  time,  had  the  following 
properties:  [af^  +  10.31*:  dj®  0.9819;  nJJ  1.45407. 

3.  Ricinoleic  acid  oxide,  prepared  from  the  oxide  of  the  acetylated  methyl  ester,  was  a  solid:  m.p. 
30-31*,  [a /d  -6.68*. 
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ACID 


PREPARATION  OF  A*' *-HEXADECENOIC 
P.  A.  Artamonov 


Unsatuiated  hexadecenoic  acids,  with  the  double  bond  in  various  locations,  have  remained  incompletely 
studied  to  the  present  time.  Of  the  acids  of  this  series,  the  most  investigated  appears  to  be  fisitolic  acid  (A***®) 
first  prepared  by  Hofstadter  [1]  from  sperm  oil.  Later  it  was  separated  from  seal  oil  by  Lyubarsky  [2]  and  by  Bauer 
and  Neth  [3];  Armstrong  and  Hilditch  [4]  prepared  it  from  whale  blubber  and  established  its  structure.  The  exis¬ 
tence  of  hypogeic  acid  [5]  is  rejected  in  the  studies  of  a  series  of  investigators  [6-9].  Zoomaric  acid  and  the  so- 
called  "Bull's  acid"  are  reported  to  be  identical  to  fisitolic  acid  (9-hexadecene-l-oic  acid)  by  Toyama  [10,11, 
12],  In  consequence  of  this  study,  the  confusion  which  has  existed  to  the  present  time  in  the  literature  on  the  re¬ 
lationships  among  the  acids  of  this  series,  has  been  resolved.  The  remaining  acids  of  the  series,  including  the 
synthetically  prepared  7-hexadecene-l-oic  and  2-hexadecene-l-oic  acids  appear  incompletely  studied  and  their 
structure  not  fully  established. 

A  study  of  unsaturated  hexadecenoic  acids  has  considerable  theoretical  and  practical  interest:  the  same 
number  of  carbon  atoms  occurs  in  palmitic  acid  which  enters  the  constitution  of  many  vegetable  oils  and  the 
fat  of  marine  animals  and  plays  a  major  role  in  the  fat  industry  for  the  manufacture  of  high-grade  hydrogenated 
edible  fats,  the  nature  of  which  remain  incompletely  worked  out  up  to  the  present  time.  Still  it  has  been  shown 
that  hydrogenated  fats  contain  considerable  quantities  of  isoacids,  even  including  those  of  hexadecenoic  acids. 
The  mechanism  of  formation  of  isoacids  during  hydrogenation  of  fats,  and  also  their  behaviour  with  oxygen,  hyd¬ 
rogen,  and  other  reagents  has  hardly  been  studied  up  to  the  present  time.  Incompletely  studied  is  also  the  ques¬ 
tion  of  the  influence  of  isoacids  on  structure  and  food  quality  of  hydrogenated  fats.  The  literature  method  re¬ 
ported  for  preparation  of  isoacids  by  splitting  out  of  bromine  from  brominated  derivatives  of  saturated  fatty  acids 
has  not  been  studied  sufficiently. 


EXPERIMENTAL 

The  first  report  on  A*»*-hexadecenoic  acid  was  given  by  Ponzio  [13];  by  the  action  of  alcoholic  potas¬ 
sium  hydroxide  on  iodopalmitic  acid  an  unsaturated  acid  with  m.p.  49*  was  obtained;  proof  of  structure  or  des¬ 
cription  of  properties  were  not  given. 

For  the  synthesis  of  A®**-hexadecenoic  acid  we  started  with  chemically  pure  palmitic  acid  [purified  by 
repeated  fractional  crystallization  from  benzene  (65-70*  fraction)  and  ethyl  alcohol]  having  an  m.p.  of  62.6- 
63*.  Bromination  of  the  acid  was  by  the  method  of  Hell  and  Sadowsky  [14],  previously  used  by  us  in  the  synthe¬ 
sis  of  A***-octadecenoic  acid  [15]. 

500  g  finely  divided  palmitic  acid  was  charged  into  a  flask  (approximately  3  liters  capacity),  and  care¬ 
fully  mixed  with  40  g  red  phosphorous;  after  this  300  g  bromine  was  cautiously  added  (over  a  period  of  3  hours) 
from  a  droppir^  funnel.  After  all  the  bromine  was  introduced,  when  intensity  of  reaction  decreased,  the  flask's 
contents  were  heated  on  a  water  bath  until  hydrogen  bromide  and  excess  bromine  were  removed.  A  solution  of 
sodium  bisulfite  was  then  carefully  added  until  color  was  removed,  a -Brom palmitic  acid  was  extracted  using 
petroleum  ether  (-^1: 6)  after  2-3  washes  of  the  dense  oily  mass  with  warm  water.  The  ether  extract  was  filtered 
through  paper;  the  crystals  of  a-brompalmitic  acid  which  settled  after  several  hours  were  subsequently  recrystal¬ 
lized  from  the  same  solvent. 

ot- Brompalmitic  acid  purified  by  this  procedure  melted  at  53-53.5*,  in  full  agreement  with  the  literature 
value  [16j.  The  yield  was  523  g  (84‘7o  of  theoretical). 


Analysis  for  bromine  content  (by  the  Stepanov  method)  [17]: 

0.2150  g  substance:  0.1198  g  AgBr  0.2200  g  substance:  0.1233  g  AgBr.  Found  °jo:  Br  23.71,  23.86. 
CjjHsiOjBr.  Calculated  %:  Br  23.85. 
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a'Brompalmitic  acid  -ci’vstals  of  acici^r  structure  and  peai’y  ius  le  —  is  readily  soluble  in  organic  solvents 
(petroleum  ether,  alcohol,  acetone,  and  others). 

a-Brompalmitic  acid  was  then  treated  with  an  alconolic  solution  cf  potassiuir.  hydroxide  according  to  the 
methods  of  Ponzio  [13]  and  Le  Sueur  [18]  in  order  to  spirt  out  hydrogen  bromide  and  form  A*'^-hexadecenoic  acid. 
This  method  was  first  used  by  them  to  prepa-e  A^*®-oci:adecenoic  acid  from  a-bromsiearic  acid  although  it  was 
found  that  the  yield  of  A*’*-octadecenoic  acid  was  insignifican:  To  100  g  a-brompalm.itic  acid  in  a  porcelain 
dish  was  added  240  ml  of  30*^  alcoholic  potassium  Hydroxide  (c.p.)  The  mixture  was  men  heated  for  3  hours  on 
a  water  bath  until  the  alcohol  was  completely  removed.  The  reaction  mass  was  tl'en  diiu  ed  with  water  and  made 
slightly  acid  with  IQPjo  sulfuiic  ac^d.  The  oiiy  material  iis„rig  tc  ;he  surface  was  quickly  separated  from  the  liquid 
and  extracted  with  ethyl  ether.  The  ether  extract  was  dr^ed  with  calcium^  chloride,  and  following  separation  from 
the  calcium  chloride,  the  ether  was  evaporated.  The  residual  solid  fatty  acid,  which  was  a  quite  brittle  mass,  was 
subjected  to  fractional  separation:  it  was  finely  crushed  in  a  mortar  and  dissolved  at  room  temperature  in  petrol¬ 
eum  ether  in  the  ratio  of  1: 10  The  settled  materia:,  insoluble  in  petroleum  ethe*,  was  separated  from  the  filtrate 
and  set  aside  (Fraction  1).  Petroleum  ether  in  ±e  filtiate  was  evaporated  and  the  fatty  acid  residue  dissolved  in 
ethyl  alcohol  in  the  ratio  of  1:  5.  The  aicohoLc  solution  was  cooled  to  minus  5-6°:  a  small  quantity  of  precipitate 
(clearly  crystalline  in  structure)  formed  and  was  readily  removed  from  the  mother  liquor  by  low -temperature  filtra¬ 
tion  (Fraction  2).  After  the  removal  of  this  precipitate,  the  filtrate  was  cooled  to  minus  5-6“  again:  an  additional 
small  quantity  of  precipitate  (crystalline)  was  obtaired  and  combined  with  Fraction  2.  Following  sepiration  of 
Fraction  2,  the  filuate  was  cooled  so  minus  10-12°;  the  ccpious  am^orphous  precipitate  which  separated  was  removed 
by  low-temperature  filtration  and  set  aside  (Fraction  3).  The  yields  cf  the  fractions  are  given  in  die  table. 


Investigation  of 


' 

Quantity  of 

Fraction  1 

Fraction  2 

wmm 

Fraction  1.  The  first  re- 

Run 

No. 

Brompal- 
mitic  acid 

Solid  resi¬ 
due  after 

sidue,  separated  from  the 
products  obtained  by  treat- 

(in  grams) 

splitting 
out  brom¬ 
ine  (in  g) 

Grams 

% 

Grair-s 

GrariiS 

iug  a -brompalmitic  .acid 
with  alcoholic  caustic, 
after  recrystallization  from 

1 

100 

70.0 

16.0 

22.85 

3,65 

5.^5 

50  4 

72 

chiorofoim  (lustrous  pnsms) 
m-elted  at  88.5-89'  and  was 

2 

100 

76.0 

18.0 

23.68 

5.6 

7.37 

52.4 

68  94 

not  sclabAC  in  petroleum 

3 

100 

74.5 

17.6 

23.62 

4.9 

6.5'’ 

52.0 

69.80 

ether.  It  was  readily  sol- 

4 

100 

74.9 

19.0 

25.36 

3.5 

4.68 

52.4 

69.95 

able  in  chloroform  and  in 

5 

100 

74.1 

16.0 

21.58 

2  8 

3.78 

D^e3 

74.64 

alcohol  wi±  heating.  It 

was  evidently  a-hydroxy- 

palmitic  acid,  formed  by  replacement  of  bromine  by  nydroxyJ,  group  (accoiding  to  the  literature  [19],  its  m.p.  is 
86.5-87*). 

0.2406  g  substance:  0.6167  g  0.26i3  g  HjO  0.1609  g  substance:  0.4158  g  CC\:  0.1707  g  HjjO.  0.3658 
g  substance:  13.4  ml  O.i  N  KDH  0.4013  g  substance:  14.75  ml  0.1  N  KOH  0.7900  g  substance:  5.03 
ml  0.5  N  KOH  0.8156  g  substance-  £.34  nh  0.5  N  KOH  Found  <7o:  C  69.91,  70  48;  H  12.16,  11.88. 
Acid  no.  205.54,  205.81:  hydroxyl  n-ambei:  by  ±e  Normann  [20]  method,  178.6,  183  6;  number  of  OH  groups 
1.00,  1.02.  Calcula-.ed  C  70  55;  H  11.85.  Acid  number  206.09:  hydroxyl  number  178.5. 

On  the  basis  of  all  the  above  data,  we  may  concliide  that  the  F.taction  1  substance  was  definitely  a-hydro- 
xypalmitic  acid. 

Investigation  of  Fraction  2.  This  fcacti-on  separated  from  .he  products  melted  49--49.5°  and  was  readily 
soluble  in  many  organic  solvents,  it  crystaiiiied  weJ  from  alchoi  oud  petioie-um  ett.er  in  tne  foim  of  shiny  rods 
and  evidently  appeared  to  be  an  unsafuiated  nexadecenoic  acid. 

0.1214  g  substance:  0.3390  g  CO^;  0.1281  g  ri^O.  0  1517  g  substance:  0.4240  g  C'D^;  0.1600  g  HjO. 

0.3476  g  substance:  13.65  mi  0.1  N  KOH  0  3784  g  substance;  14.90  ml  0,1  N  <OH  ^oimd  <Jo:  C  76.15, 
76.20;  H  11.82,  11  81;  M  254.65,  254.00.  Cj-qH^Oj.  Calculated  %:  C  75.52;  H  11,89:  M  254.24. 

The  material  under  ccr-sideration  hc.d  an  icdme  number,  decerm*.iried  by  the  Hub!  m^ethod,  of  26.3  (theoreti¬ 
cal  99.78).  It  is  known  from,  the  literetiiure  [21 J  tnat  the  closer  tr.e  double  bond  is  tc  the  carboxylic  group,  the  less 


1 
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is  the  iodine  number. 


In  order  to  determine  whether  it  would  be  possible  to  approach  the  theoretical  iodine  number,  experiments 
were  set  up  with  longer  holding  times  than  those  recommended  (by  Hubl);  the  following  results  were  obtained: 

26.3  in  24  hours,  46.7  in  seven  days,  90.0  in  18  days.  Evidently,  the  theoretical  iodine  number  may  be  attained 
in  this  manner  for  the  material  under  study. 

The  substance  was  subsequently  subjected  to  saturation  hydrogenation:  palmitic  acid  with  m.p.  63*  was 
obtained. 

The  above  data  demonstrated  indispuiably  that  the  material  under  study  in  Fraction  2  was  an  unsaturated 
acid.  In  order  to  fix  the  location  of  the  double  bond,  the  acid  was  subjected  to  oxidative  cleavage.  For  this, 

150  ml  of  a  10<7o  solution  of  KOH  was  added  to  3  g  of  the  acid.  A  b°lo  solution  of  potassium  permanganate  was 
then  added  step-wise  with  stirring  The  mixtuie  was  heated  on  a  water  bath  and  allowed  to  stand  overnight.  On 
the  following  day,  the  mixture  was  decolorized  by  a  solution  of  sodium  bisulfite  in  the  presence  of  lOPfo  sulfuric 
acid.  The  fatty  acid  which  came  to  the  surface,  on  decoloiization  and  solution  of  the  MnOj,  was  extracted  by 
petroleum  ether.  After  two  recrystallizations,  this  material  melted  at  53.6*,  and  evidently  was  myristic  acid. 

0.2100  g  substance:  0.5643  g  CO^;  0.2387  g  HgO.  0.3560  g  substance;  15,60  ml  0.1  N  KOH  0.2670 

g  substance:  11.66  ml  0.1  N  KOH  Found  <7o:  C  73.28:  H  12.78.  Acid  no.  245.87,  245.03.  Ci4H„Oi. 

Calculated  °]o-.  C  73.61;  H  12.36.  Acid  no.  245.42. 

The  analytical  results  confirm  the  presence  of  myristic  acid.  No  depression  was  observed  in  a  mixed 
melting  point  test  with  myristic  acid. 

Consequently,  the  unsatuiated  acid  subjected  by  us  to  oxidative  cleavage  appears  to  have  been  A*’*- 
hexadecenoic  acid  CH3(CHj)|2CH=CHCOOH. 

The  silver  salt  of  A^’^-hexadecenoic  acid  CieHjjOjAg  was  prepared  by  the  action  of  0.1  N  AgNOs  solu¬ 
tion  on  an  alcoholic  solution  of  the  sodium  salt  of  the  acid  under  study:  it  was  a  crystalline  powder  of  grayish 
color. 

0.1820  g  substance:  0.3537  COi^:  0  1302  g  1^0:  0.0546  g  Ag.  Found  <%■.  C  53.0:  H  8.0:  Ag  30.0. 

CisHiAAg.  Calculated  °/o:  C  53.16:  H  8.09:  Ag  29.87. 

The  lead  salt  of  A^^^-hexadeceaoic  ^cid  (Ciof^gOjjjPb  was  prepared  by  the  action  of  lead  acetate  on  a 
warm  alcoholic  solution  of  tlie  sodium  salt  of  this  acid:  it  was  a  white  ciystalline  powder  with  m.p.  141*. 

0.1510  g  substance;  0.0635  g  PbSO^.  Found  ^o-.  Pb  28.70.  Calculated  °]o:  Pb  29.04. 

Ethyl  ester  of  A*»*-hexadecenoic  acid.  2  g  A*’*-hexadecenoic  acid  and  20  ml  absolute  alcohol  were 
placed  in  a  50  ml  flask  fitted  with  an  aii  cordeaser:  4  ml  concentrated  sulfuric  acid  was  then  added.  The  mix¬ 
ture  was  heated  on  a  water  bath  for  30  minutes.  The  ester  form.ed  was  separated,  washed  until  neutral,  and  re- 
crystallized  from  methyl  alcohol  A^’^-hexadecenoic  acid  ethyl  ester  melted  at  16®:  and  was  readily  soluble  in 
alcohol,  acetone,  and  other  solvents 

0.2204  g  substance:  0.6149  g  COj:  0  2380  g  H,0.  Found  %,-.C  76  08:  H  12.09.  CieHjjOOCjHg. 

Calculated  <7o:  C  76.52:  H  12.14. 

Investigation  of  Fraction  3.  Thi.s  acid  fraction  was  readily  soluble  in  most  organic  solvents  and  melted 
at  36-38*.  This  substance,  evidently,  appeared  to  be  a-ethoxypalmitic  acid,  formed  as  a  result  of  replacing 
bromine  by  an  OCjl^  group  during  reaction  of  alcoholic  caustic  on  a-brompalmitic  acid. 

0.2100  g  substance:  0.5478  g  CO2:  0,2258  g  HgO  0.3150  g  substance:  0.8317  g  CO^:  0.3358  g  1^0. 

0.3293  g  substance:  10.95  ml  0.1  N  KOH  0.35  92  g  substance:  11.95  ml  0.1  N  KOH  Found 

C  71.12,  72.00:  H  12.03,  11.94.  Acid  no.  186.6,  186.7.  CigHjsO,.  Calculated  C  71.93:  H  12.08. 

Acid  no.  186.85. 

These  data  demonstrate  that  Fraction  3  of  the  product  under  study  was  in  fact  a-ethoxypalmitic  acid 
CHjfCHtlijCHOCjHgCOOH. 

Thus,  the  yield  of  A*'*-hexadecenoic  acid  was  very  low,  falling  within  the  limits  3.78-7.37*55). 

In  the  splitting  of  hydrogen  bromide  ftom  a-brompalmitic  acid  by  an  alcoholic  solution  of  KOH,  what 
mainly  occurs  is  substitution  of  bromine  by  the  OH  group  with  formation  of  a-hydroxypalmitic  acid  (21.58- 
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25.36^)  or  by  the  OC|t%  group  with  formation  of  the  ethylated  acid  (68. 94-74. 64'5t). 


SUMMARY 

1.  A*’*-hexadecenoic  acid  was  prepared  in  the  chemically  pure  form,  its  structure  was  proven  and  its  prop¬ 
erties  studied. 

2.  The  preparation  of  unsaturated  acids  via  brom-derivatives  of  saturated  fatty  acids  is  not  very  effective: 
ft*  the  most  part  the  reaction  leads  to  replacement  of  bromine  by  an  OH-group  with  formation  of  a-hydroxypalm- 
itic  acid  or  by  an  OCtl%-group  with  formation  of  o-ethoxypalmitic  acid. 
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PREPARATION  AND  STUDY  OF  PROPERTIES  OF  A*' *-DOCOS  ENOIC  ACID 

P.  A.  Artamonov 


Unsatuiated  fany  acids  of  the  docosenoic  type,  having  the  general  formula  CnHiAOi.  appear  to  be  incorn* 
pletely  studied.  One  of  the  more  well  known  of  these  acids  appears  to  be  erucic  acid  (A*** “-docosenoic  acid)  which 
occurs  combined  in  vegetable  oils  of  the  mustard  family  (mustard  oil,  rapeseed  oil,  rape  oil).  Erucic  acid  was  first 
prepared  by  Darby  [1]  and  its  structure  was  established  by  Filety  [2].  Cetoleinic  acid  “-docosenoic  acid)  is  less 
well  known.  This  acid  was  first  prepared  by  Toyama  [3]  who  also  demonstrated  its  structure.  Several  other  docosen¬ 
oic  acids  have  been  prepared  synthetically,  but  their  suuctures  have  not  been  definitely  established.  For  instance, 
two  isomeric  acids  — 8-docosene'22-oic  and  lO-docosene-22-oic  —  were  reported  obtained  by  hydrogenation  of  erucic 
acid  methyl  ester  at  200*  [4].  The  preparation  by  synthesis  of  the  isoacid  l-docosene-22-oic  acid  has  been  reported 
[5].  Aleksandrov  and  Zaitsev  [6]  described  an  acid  prepared  by  action  of  an  alcoholic  solution  of  poussium  hydrox¬ 
ide  on  iodobehenic  acid.  The  acid  they  required  was  prepared  by  reaction  of  phosphorous  tri-iodide  on  erucic  acid. 
The  "isoerucic"  acid  they  prepared  had  an  m.p.  of  54-56*.  In  the  opinion  of  several  investigatcvs  [7|8].  this  acid 
is  entirely  similar  to  erucic  acid.  Opinions  exist  [9,  10]  that  isoerucic  acid  as  prepared  by  Aleksandrov  and  Zait¬ 
sev  is  not  a  pure  substance  but  rather  a  mixture  of  acids.  The  remaining  acids  of  this  group  have  not  been  studied 
at  all. 


EXPERIMENTAL 

As  raw  material  for  preparation  of  A*’ ’-docosenoic  acid,  we  used  chemically  pure  behenic  acid.  Behenic 
acid  with  an  81*  m.p.  was  obtained  by  hydrogenation  of  chemically  pure  erucic  acid  separated  from  tape  oil. 
a-Bronbeheric  acid  was  prepared  from  behenic  acid  by  methods  reported  in  our  ixevious  papers  [11,  12]. 

By  the  bromination  of  250  g  behenic  acid,  296  g  pure  a-brombehenic  acid  was  obtained  with  an  m.p.  of 
70-70.5*,  which  agrees  with  the  literature  value  [13].  The  yield  of  a-brombehenic  acid  was  of  that  theor¬ 

etically  possible. 

0.2500  g  substance:  0.1113  g  AgBr  (Stepanov).  0.1775  g  substance:  0.0783  g  AgBt.  Found  Br  18.94, 

18.77.  C„H4P,Br.  Calculated  %:  Br  19.08. 

a -Btombehenic  acid  was  a  lustrous  fluffy  mass  of  needle-shaped  crystals.  It  was  readily  soluble  in  many 
organic  solvents  (alcohol,  chloroform,  acetone,  petroleum  ether).  It  crystallized  well  from  petroleum  ether. 
A**’-Ebcosenoic  acid  was  prepared  from  a-brombehenic  acid. 

100  g  a-brombehenic  acid  was  placed  in  a  porcelain  dish,  240  ml  of  a  30<)(>  alcoholic  solution  of  chemically 
pure  potassium  hydroxide  was  added,  and  the  mixture  heated  on  a  vigorously  boiling  water  badi,for  2.5-3  hours,  un¬ 
til  the  alcohol  was  completely  vaporized.  The  saponified  mass  was  made  into  a  pasty  slurry  with  water  and  weakly 
acidified  with  sulfuric  acid  (10^).  The  supematent  fatty  material  was  readily  separated  from  the  water  layer,  washed 
once  with  distilled  water,  and  exuacted  with  ethyl  ether.  The  ether  solution  was  dried  with  calcium  chloride  and 
the  ether  vaporized,  yielding  78.6  g  of  a  waxy  light  yellow  solid  residue. 

In  Older  to  study  its  composition,  this  latter  was  fractionally  separated  using  solvents.  We  assumed  that  the 
solid  residue  was  a  mixture  of  edioxyacids,  hydroxyacids,  and  unsaturated  acids,  and  by  aiulogy  with  ivoducts  we 
had  obtained  through  action  of  caustic  on  a-bromstearic  acid  [11]  or  an  a-brompalmitic  acid  [12],  it  was  decided 
first  to  separate  a-hydroxybehenic  acid  which,  according  to  the  literature,  melts  at  96-97*  and  is  not  soluble  in 
petroleum  ether.  For  this  purpose  the  mixture  of  acids  was  pulverized  as  finely  as  possible  and  dissolved  in  pet¬ 
roleum  ether  in  the  ratio  of  1: 10  with  gentle  heating  on  a  water  bath.  The  insoluble  portion  of  the  residue,  which 
we  assumed  to  be  a-hydroxybehenic  acid,  was  separated  from  the  filtrate  and  washed  three  times  widi  petroleum 
ether  on  a  Shott  funnel.  The  residue  obtained  had  a  94.5-95*  m.p.  (Fraction  1).  The  filtrate  from  the  first  sep¬ 
aration  was  cooled  to  0*,  producing  a  characteristic  crystalline  precipitate  which  was  readily  separated  from  the 
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filtrate  by  low  temperature  filtration.  This  second  iwecipitate  weighed  3.8  g,  m.p.  71-72*  (Fraction  2).  The  fil¬ 
trate  from  the  secotid  separation  was  further  cooled  to  minus  3-5*.  A  copious  dense  ixecipitate  of  finely  crystal¬ 
line  material,  hav¬ 
ing  an  m.p.  of  56- 
57*  was  obtained 
(Fraction  3). 

The  results 
of  three  runs  in 
which  alcoholic 
caustic  was  re¬ 
acted  with  a- 
brombehenic  acid 
and  the  reaction 

products  fractionally  separated  are  given  in  the  table 

Assuming  that  die  unsaturated  docosenoic  acid  occurred  in  Fraction  2,  we  combined  the  three  portions 
of  this  fraction  and  obtained  a  material  with  m.p.  71-72*  which  was  used  for  further  study. 

Investigation  of  Fraction  2.  Making  the  assumption  that  this  fraction  consisted  of  unsaturated  A*’*-doco- 
senoic  acid  contaminated  with  admixtures  (hydroxy-  and  ethoxy-acids),  the  material  was  repeatedly  fractionally 
crystallized  from  petroleum  ether  and  chloroform  in  order  to  purify  it.  This  resulted  in  a  pure  product  with  m.p. 
68.5-69*. 


Quantity  of 

Fraction  Number 

a-brombe- 

Solid  residue 

1 

2 

3 

Run 

henic  acid 

resulting  from 

No. 

used  (in 
grams) 

debromination 
of  a-brombe- 
henic  acid  (g) 

Grams 

'’h 

Grams 

Grams 

°Io 

1 

100 

79,6 

18.6 

23.37 

3.6 

4.6 

56.7 

71.2 

2 

100 

80.5 

12.1 

14,. 70 

3.8 

.  4.7 

63.2 

78.4 

3 

Bo 

40.0 

4.4 

11.0 

2.5 

5.5 

32.4 

81.0 

0.1680  g  subsunce:  0.4799  g  CO,;  0.1852  g  H,0.  0.1468  g  substance:  0.4198  g  CO^;  0.1614  g  H,0. 
Found  <5t:  C  77.90,  78.0;  H  12.34,  12.31.  0^11^0^.  Calculated  C  78.02;  H  12.51. 

Determination  of  acid  number.  0.2176  g  substance:  6.4  ml  0.1  N.  KOH  0.2240  g  substance:  6.6  ml 
0.1  N  KOH  Found:  acid  number  165.03,  165.32.  CfjH^O,.  Calculated:  acid  number  165.72.  The 
iodine  number  was  determined  by  the  Hubl  method,  and  amounted  to  18.75  •  (theoretical  74.98). 

For  further  study,  our  product  was  given  a  saturation  hydrogenation  and  yielded  behenic  acid  melting  at 

81*. 


The  above  data  demonstrated  diat  we  were  dealing  with  an  individual  unsaturated  docosenoic  acid. 

In  (xder  to  establish  the  location  of  the  double  bond  in  the  molecular  structure  of  the  acid  under  study, 
we  subjected  it  to  oxidative  cleavage  using  potassium  permanganate  in  alkaline  medium.  The  oxidation  pro¬ 
cedure  is  described  in  our  previous  paper  on  the  synthesis  of  A**’-hexadecenoic  acid.  From  the  oxidation  we  ob¬ 
tained  a  product,  having  a  75.5*  m.p.,  which  after  three  recrystallizations  from  ethyl  alcohol  had  an  m.p.  of 
76.2*.  This  resulting  material  evidently  was  arachidic  acid. 

0.2004  g  substance:  0.5631  g  CO,;  0.2300  g  1^0.  0.1800  g  substance:  0.5068  g  CO^;  0.2086  g  H,0. 

Found  C  76.63,  76.78;  H  12.85,  12.97.  C,oH490,.  Calculated  C  76.84;  H  12.91. 

Determination  of  acid  number.  0.1615  g  substance:  5.15  ml  0.1  N  KOH  0.1776  g  substance:  5.70  ml 

0.1  N  KOH  Found:  acid  number  178.92,  180.08.  C,oH4,0^.  CalcQlateu:  acid  number  179.65.  The 

iodine  number  of  the  resulting  product  was  zero. 

Judging  from  all  the  above  data,  we  may  assert  that  the  product  obtained  was  actually  arachidic  acid  - 
C„H4A-  Furthermore,  a  sample  mixed  with  arachidic  acid  did  not  melt  at  a  lower  temperature. 

Conse<giently,  the  unsaturated  acid  appears  to  be  A*‘’-docosenoic  acid  with  the  following  structure: 

ch,(ch,),/:h=chcooh. 

Preparation  of  salts  of  A***-docosenoic  acid.  The  silver  salt  of  A** ‘-docosenoic  acid  was  prepared  by  us 
by  a  double  decomposition  reaction;  we  heated  0.1  N  silver  nitrate  solution  and  an  alcoholic  solution  of  the  po¬ 
tassium  salt  of  the  acid  under  study.  The  silver  salt  thus  obtained  was  a  gray  crystalline  powder  with  a  154-155* 
m.p. 


0.1604  g  substance:  0.3461  g  COk?  0.1342  g  H,0;  0.0387  g  Ag.  0.1764  g  substance:  0.3834  g  CO,; 
a  -  and  0  -unsaturated  acids  characteristically  give  reduced  iodine  numbers. 
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0.1454  g  H,0;  0.0430  g  Ag.  Found  °]o‘.  C  58.85,  59.28:  H  9.36,  9.23;  Ag  24.12,  24.38.  C:aH4tOiAg. 

Calculated  C  59.30;  H  9.28;  Ag  24.23. 

The  lead  salt  of  A*‘*-docosenoic  acid  was  prepared  by  double  decomposition  of  lead  acetate  and  the 
sodium  salt  of  the  acid  under  study  in  an  alcoholic  medium  with  heating.  Some  of  the  salt  prepared  was  used  for  a 
determination  of  lead  content,  and  the  following  results  were  obtained:  0.2004  g  substance:  0.0688  g  PbS04. 

Found  Pb  23.45.  (C|sH4202)tPb.  Calculated  <7o:  Pb  23.49.  The  lead  salt  A*’*-docosenoic  acid  was  a  white  crys¬ 
talline  powder  melting  at  105*. 

Preparation  of  A*’*-docosenoic  acid  ethyl  ester.  The  ethyl  ester  of  A*’*-docosenoig  acid  was  prepared 
by  estentication  ot  me  acid  witn  ethyl  aiconoi  in  presence  of  sulfuric  acid.  2  g  pure  A***-docosenoic  acid  and 
20  ml  absolute  alcohol  were  placed  in  a  small  flask,  (50  ml  volume);  4  ml  concentrated  sulfuric  acid  were  added 
to  the  mixture.  The  resulting  mixture  was  heated  on  a  water  bath  for  a  period  of  30-45  minutes. 

The  separated  ester  of  A*’*-docosenoic  acid  CHj(CH2)i3CH=CHCO(X:4Hs,  after  removal  from  the  acidic 
layer,  was  washed  until  neutral  and  crystallized  from  alcohol.  After  two  recrystallizations  it  had  an  m.p.  of 
40-40.5*. 

0.1856  g  subsunce:  0.5362  g  COj;  0.2060  g  H|0.  0.2042  g  substance:  0.5880  g  CO^:  0.2284  g  H|0. 

Found  %:  C  78.80,  78.45;  H  12.43,  12.52,  Ci,H4iOOC,H5.  Calculated  C  78.62;  H  12.66. 

Investigation  of  first  and  third  fractions  of  product  from  reaction  of  alcoholic  caustic  on  g-brombehenic 
acid.  Fraction  1,  separated  from  the  reaction  products  and  having  an  m.p.  of  94.5*  and  insoluble  in  petroleum 
ether,  appeared  evidently  to  be  a-hydroxybehenic  acid.  It  was  dissolved  in  chloroform  by  warming  and  crystal¬ 
lized,  on  cooling,  as  a  fine  lustrous  prismatic  crystalline  material.  After  three  recrystallizations  from  chlcxo- 
form  in  the  ratio  of  1:6,  the  acid  had  a  96-97*  m.p.,  which  corresponds  exactly  with  the  literature  value  [13]. 

0.1806  g  substance:  0.4904  g  COj:  0.2023  g  HtO.  0.2709  g  substance:  0.7336  g  CO^:  0.2984  g  H|0. 

Found  C  74.05,  73.85:  H  12.54,  12.33.  Calculated  %:  C  74.08;  H  12.45. 

Determination  of  acid  number  0.3118  g  substance:  8.8  ml  0.1  N  KOH  0.1563  g  substance:  4.4  ml 

0.1  N.  KOH  Found:  acid  number  158.35,  157.96.  CS2H44OS.  Calculated:  acid  number  157.44. 

Determination  of  hydroxyl  number,  by  Normann  method  [14].  0,9640  g  substance:  4.9  ml  0.5  N  KOR  0.8676 
g  substance:  4.4  ml  0.5  N  KOH.  Found:  hydroxyl  number  142.54,  139.04.  Calculated:  hydroxyl  number  140.85. 
Number  of  hydroxyl  groups:  1.01,  0.99.  .  . 

On  the  basis  of  the  data  obtained  we  may  conclude  that  the  subsunce  studied  in  Fraction  1  actually  is 
a-hydroxybehenic  acid  with  the  structure:  CHs(CH|)i^HOHCOOH. 

Fraction  3,  separated  from  the  reaction  products  with  an  m.p.  of  56-57*,  after  repeated  re  crystallizations 
from  petroleum  ether  had  a  60-60.5*  m.p.  This  substance,  as  has  been  mentioned  above,  appears  to  be  a-ethoxy- 
behenic  acid  and  has,  consequently,  the  following  structure:  CH8(CI^)i/I;H(OCjI%)COOH. 

0.3216  g  substance:  0.8836  g  COj:  0.3561  g  H^O.  0.2464  g  subsunce:  0.8114  g  CO|:  0.2794  g  H|0. 

Found  ‘Jb:  C  75.06,  74.82;  H  12.40;  12.72.  CMH4BO5.  Calculated '5S>:  74.92;  H  12.58. 

Determination  of  acid  number.  0.1800  g  substance:  4.85  ml  0.1  N  KOH  0.1880  g  substance: 

4.9  ml  0.1  N.  KOH  Found:  acid  number  145.62,  146.23.  Calculated:  acid  number  145.93. 

SUMMARY 

1.  A*’*-docosenoic  acid  has  been  prepared  in  the  chemically  pure  state  and  its  structure  esublished. 

Silver  and  lead  salts  as  well  as  the  ethyl  ester  of  this  acid  were  prepared. 

2.  In  the  action  of  alcoholic  caustic  on  a-brombehenic  acid,  some  70-80^  of  the  material  reacts  to 
form  a-ethoxybehenic  acid,  approximately  ll-23P]o  goes  to  a-hydroxybehenic  acid,  and  only  4. 5-5. 5  °lo  forms 
A***-docosenoic  acid. 
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BORON  TRIFLUORIDE  AS  A  CATALYST  IN  ORGANIC  CHEMISTRY 


VL  REACTION  OF  OCHLORPHENOL  WITH  CYCLOHEXANE 

S.  V.  Zavgorodny 


Alkylhalophenols  and  alkyl  halo  phenyl  ethers,  according  to  the  literature,  have  powerful  germicidal  and 
insecticidal  activity  end  consequently  are  of  definite  interest.  They  are  prepared,  usually  by  halogenation  of 
alkylphenols  or  alkyl  phenyl  ethers,  and  less  often  by  reaction  of  alcohols  or  alkyl  halides  on  halophenols.  Dir¬ 
ect  alkylation  of  halophenols  by  olefins  has  hardly  been  studied.  •  Continuing  our  study  on  alkylation  of  phenols 
by  olefins,  we  investigated  the  reaction  of  o-chlori^enol  and  cyclohexene  in  presence  of  boron  trifluoride  ethyl 
etherate  as  a  catalyst.  The  reaction  was  studied  at  room  temperature  (16-20*)  and  at  95-97*  using  various  ratios 
of  reactants.  Quantity  of  catalyst  employed  was  Z-A^Jo.  It  was  established  that  o-chlorphenol  reacts  with  cyclo¬ 
hexene  in  i»esence  of  0(C2H5)2  even  at  room  temperature.  Heating  the  reaction  mixture  on  a  boiling  water 
bath  significantly  increased  reactivity,  so  that  the  same  results  were  obtained  with  2  hours  heating  on  a  water 
bath  as  had  been  obtained  in  15  days  standing  of  the  reaction  mixture  at  room  temperature.  Increase  in  length 
of  heating  within  the  limits  of  2-6  hours  also  increased  yield  of  reaction  products.  However,  along  with  this 
higher  temperature  and  increased  length  of  reaction  time  there  is  a  higher  degree  of  polymerization  of  cyclo¬ 
hexene. 

It  is  noteworthy  that  for  the  conditions  explored  by  us  (room  temperature  for  15  days  and  95-97*  for  8 
hours)  the  sole  reaction  products  appeared  to  have  been  etheric  compounds.  At  room  temperature,  cyclohexyl 
o-chlorphenyl  ether  was  the  only  product  and  almost  no  polymerization  of  cyclohexene  occurred.  As  regards 
phenolic  type  compounds,  their  formation  under  our  stated  conditions  was  not  observed,  at  least  not  in  quantities 
which  could  be  separated  by  distillation  from  unreacted  o-chlorphenol.  Doubling  the  quantity  of  cyclohexene 
reduced  reaction  velocity  at  room  temperature  and  reduced  the  yield  of  cyclohexyl  o-chlorphenyl  ether  from 
48 <70  to  36*70  for  the  same  length  of  time.  However,  at  boiling  water  bath  temp)erature,  the  ether  yiejd  increased 
from  73*70  to  79%  (in  8  hours). 

The  extreme  stability  of  cyclohexyl  o-chlorphenyl  ether  toward  isomerization  also  deserves  mention. 

We  found  that  this  ether  in  presence  of  25%  BFj'  ©(CjHs)*  did  not  isomerize  when  heated  for  8  hours  at  120-140*, 
and  in  tiiis  connection  may  be  fully  compared  with  anisole  and  phenetole.  This  app)ears  to  be  the  main  reason 
for  the  absence  of  expected  pihenolic  compounds  in  our  products,  because  they  are  usually  formed  by  isomeriza¬ 
tion  of  alkyl  pAienyl  ethers. 

EXPERIMENTAL 

We  used  freshly  distilled  commercial  o-chlorp)henol;  it  was  a  colorless  liquid  with  a  characteristic  cling¬ 
ing  odor  and  had  b.p.  172-173";  djJ  1.2428.  Ciclohexene  was  prepared  by  dehydration  of  cyclohexanol  [3].  B.p. 
82*;  d|J  0.8137.  Boron  trifluoride  ethyl  etherate  used  was  freshly  distilled  at  124-127*. 

The  reaction  was  carried  out  in  flasks,  having  60  ml  volume,  into  which  was  weighed  o-chlorphenol, 
catalyst,  and  finally  cyclohexene.  On  shaking,  reactants  and  catalyst  mixed  well  without  significant  warming 
and  formed  a  homogenous  almost  colorless  liquid  which  rapidly  turned  light-orange. 

On  standing  the  mixture's  color  became  progressively  darker,  and  after  15  days  the  liqttid  became  dark 
and  opaque  although  quite  limpid.  After  2  hours  heating  on  a  boiling  water  bath,  the  mixture  became  opaque 
and  after  8  hours  heating  was  converted  into  a  black -colored  viscous  mass. 

After  elapse  of  the  specified  heating  time  or  the  time  of  standing  at  room  temperature,  the  reaction 

After  this  research  was  concluded,  a  paper  appeared  which  described  alkylation  of  o-chlorp)henol  and  _p-brom- 
phenol  with  isobutylene  and  cyclohexene  [1,2]. 


2045 


mixture  was  steam  distilled.  Th:.s  vapor  jed  unreicred  o-c^loiphenoi  and  cyciohexeue,  lower  polymers  of  cyclo¬ 
hexene  and  some  (very  little)  of  the  cycioheKyl  o-chiorphenyl  ether.  The  rthc'-  p  oducc  together  with  polymerized 
cyclohexene  remained  in  the  f5.ask;  depending  on  the  test  condidons  this  m.aterlal  was  a  light-yellow  limpid 
liquid  with  a  lemon  odor  (r.ins  1  ana  5),  a  heavy  brown  oai  (run  2),  a  quite  aansparent  but  rather  viscous  mass 
(ran  3),  or  a  yellow  porous  semi-soiid  QifticUit  fo  separate  from:  water  (run  4).  For  comiplete  removal  of  phenolic 
compounds,  this  material  was  tieaied  with  IQPjo  soda  soiuticri,  washed  with  water,  dissolved  in  ether,  dried  with 
potash,  and  vacuum  distilled. 

Materials  taken  overhead  in  the  steam  distillatiop-  were  similarly  washed  with  soda  solution.  This  dis¬ 
solved  phenolic  compounds.  After  spiinging  from  the  alkaline  sclution  by  hydrochloric  acid,  these  distilled 
below  200*  and  appeared  to  be  unreacied  o-chiorplenol.  Tie  soda  solution  insoluble  fractions  obtained  in  the 
first  four  runs  were  combined  for  distillation;  corresponding  tactions  of  the  last  two  runs  were  distilled  separately. 
This  material  appeared  mainly  to  be  anreacred  cyciohexene  together  with  a  muxture  of  polymers  and  ether.  All 
data  are  given  in  the  table. 

In  Older  to  identify  the  etneric  compounds  prepaied,  having  close  boiAing  point  and  specific  gravity  they 
were  recombined  and  distilled  a  second  rime.  Or*  distillation  of  !.r.e  combined  first  product  fractions,  as  given  in 
the  table,  cyclohexyl  o-ch_oiphenyi  ether,  boi_i::g  at  167-170“  at  16-17  mm,  was  separated  as  the  main  and  prac¬ 
tically  only  pioduct. 

djp  i.l260;  nj^  1.5489;  59.47;  calculated  58.32.  13  99  mg  substance:  35.31  mg  COj:  9.38  mg 

HjO.  8.64  m.g  substance:  21.83  mg  0?"^:  5  87  mg  r^O.  0,1602  g  substance;  0.1055  g  AgCl.  Found 

<5b:  C  68.88,  68.95;  H  7.53,  7.56.  Cl  16,29.  C^%OC;..  Caiculated  <>7o:  C  68.38;  H  7.18;  Cl  16.83. 

Reaction  of  o-chlori;rfienol  with  cyciohexene  in  presence  of  borontrifluoride  ethyletherate 


Run 

No. 

Reaction  feed  (gram.s)  I 

Reaction 

conditions 

Ethe^ 

prod..ct  -  not  vaporized  in 

steam  distiiiation 

Vaporized  in  steam 

distillation 

o-chor- 

phenoi 

cyclo- 

BFs-  j 

Temper- 

atxe 

Time 

hexene 

1 

1 

■0(C;jrlg)jj 

Total  yield  j  Obtained  after 
befote  dls-  i  distiliatiun 

riilat;u)n 

Insoluble 

alkali 

(grams) 

Soluble 

in  alka¬ 
li  (g) 

: 

oramu 

^  (g) 

F.p.nTn|  ^ 

1 

12.20 

8.97  ' 

0.97 

16-20“ 

15  days 

9.67 

48.il  8.30 

155-57®!  1.1191 

3.95 

1.88 

1 

! 

(15-16) 

16-20 

24  hrs. 

9.75 

49, 90'  5.68 

155-80“  1.1225 

2.80 

3.46 

2 

11.91 

7.91 

0.83 

(17-18) 

s 

95-9? 

1  2  hi's. 

3.21 

240-75“ 

(15) 

3 

11.99 

7.81 

0.82 

95-97 

1  4  nrs. 

11.37 

56.52 

; 

1.80 

1.70 

4 

12.10 

8.10 

0.93 

95-97 

1 

8  hrs. 

12.48 

62.93' 5,30 

150-68®i  1.1276 

1.80 

2.58 

1 

(12)  i 

3.60 

215-54® 

! 

i 

(12)  ! 

5 

12.07 

16.45 

0.91 

16-20 

1 

,15  days 

7.20 

36*38  4.24 

157-65®' i.  1176 

16.20 

1.30 

! 

i 

} 

1 

(16-17); 

6 

12.18 

14.88 

0.91 

95-97 

8  hrs. 

i5.77 

'78.971  - 

170-95®.!.  1172 

9.20 

2.00 

j 

; 

(17)  ' 

1 

1 

1 

i 

245-84“i 

1 

i 

i 

1 

(15)  1 

1 

The  ether  was  a  transparent  colorless  liquid  w_th  a  pungent  floral  odor. 


A  small  amount  of  material  r  aving  b.p.  160-166®  at  16-17  mm;  d^  1.1088;  Up  1.5454;  was  also  separated; 
its  chlorine  content  was  somewhat  low  and  its  carbon  and  hydrogen  contents  nigh,  compared  with  calculated  values 
for  cyclohexyl  o-chlorphenyi  ether. 

From  steam  distillation  ove.rhe5id  products  which  were  insoluble  in  alkali,  we  separated  by  a  second  distil¬ 
lation  the  dimer  of  cyciohexene,  having  b.p.  110-133®  at  15-16  mnr.;  d||  0,9662;  n|^  1.5227;  molecular  weight  169.4. 
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Isomerization  of  cyclohexyl  p-ohlorphenyl  ether  in  presence  of  boron  trifluoride  ethyl  etherate.  3.42  g 
cyclohexyl  o^chlorphenyl  ether  having  b.p,  167*170*  at  16-17  mm  was  mixed  in  a  test  tube  with  0.85  g  boron 
trifluoride  ethyl  etherate.  The  tube  was  sealed  and  heated  for  8  hours  at  120-140*.  After  cooling  the  tube 
was  opened  and  the  mixture  treated  with  a  5<7o  aqueous  sodium  hydroxide  solution.  The  cyclohexyl  o-chlorphenyl 
ether  taken  for  the  test  was  quantitatively  recovered.  The  same  result  was  also  obtained  for  the  product  having  a 
b.p.  of  160-166*.  Consequently,  cyclohexyl  o-chlorphenyl  ether  does  not  isomerize  in  the  presence  of  BF|'  0(CtHs)f 
under  the  conditions  of  our  test,  and  therefore,  cyclohexylphenols  were  not  separated. 

SUMMARY 

1.  o-Chlorphenol  and  cyclohexene  react  at  room  temperature  In  presence  of  boron  trifluoride  ethyl 
etherate  to  form  cyclohexyl  o-chlorphenyl  ether  only. 

2.  At  boiling  water  bath  temperatures  polymerization  of  cyclohexene  occurs  to  a  considerable  degree 
together  with  formation  of  cyclohexyl  o-chlorphenyl  ether. 

3.  Cyclohexyl  o-chlorphenyl  ether  appears  to  be  a  compound  of  considerable  stability  and  does  not  iso¬ 
merize  in  presence  of  boron  triHuoride  ethyl  etherate  when  heated  at  120-140*  for  8  hours. 
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DERIVATIVES  OF  ZINGERONE 
V.  DERIVATIVES  OF  RESORCINOL 

A.  Ya.  Berlin  and  T.  P.  Sicheva 


Our  earlier  papers  on  synthesis  of  derivatives  of  zingerone  [1-4]  led  to  a  number  of  relationships  between 
chemical  structure  and  physiological  activity  for  substances  having  structure  similar  to  4-hydroxy -3-methoxy- 
phenylethyl  methyl  ketone  (zingerone): 


An  unanswered  question  whidi  developed  during*  this  work  was  whether  physiological  activity  of 
compounds  similar  to  zingerone  depended  on  the  relative  positions  of  the  hydroxyl  and  methoxyl  groups  on 
the  benzene  ring.  In  connection  with  this  we  became  interested  in  synthesizing  a  group  of  compounds  having 
structural  similarity  to  zingerone,  but  in  which  the  hydroxyl  group  would  be  meta  to  the  methoxyl  group  and 
both  would  be  in  the  2  and  4  positions  with  respect  to  the  side  chain.  The  formulas  given  below  show  all  pos- 


sible  stmctures  for  this  group  of  compounds: 

A 

X^OCHj 

k^OH 

Ny/OCH, 

CHjCHjCOCH, 

CH,CH,COCH, 

CH,CH,COCH, 

CHjCHjCOCH, 

(I)  (II)  (HI)  (IV) 

By-  analogy  with  the  zingerone  synthesis,  we  used  the  following  sequence  of  syntheses  to  prepare  these 
compounds: 

_ ^OR  _ ^OR  _ ^OR  /OR 

RO<^  ^  RO<^  "^CHO  Ror^  >ch=CHCOCH5  RO<^  ^^^l^CHgCOCH, 

(R  =  H  OT  CHj). 

Resorcinol  was  used  as  a  starting  material,  and  its  dimethyl  or  monomethyl  ethers  were  i»epared  by  meth* 
ylation  with  dimethyl  sulfate.  In  preparation  of  the  corresponding  aldehydes,  we  found  that  2-methoxy-4-hydtoxyl- 
benzaldehyde  and  2 -hydroxy -4-methoxybenzaldehyde,  necessary  for  synthesis  of  compounds  (Q  and  (II),  were  formed 
simultaneously  in  almost  quantitative  yield  by  action  of  zinc  cyanide  on  resorcinol  monomethyl  ether  in  ixesence 
of  dry  hydrogen  chloride.  2,4"Dlmethoxybenzaldehyde  has  been  prepared  by  a  similar  i*ocedure  from  rescxcinol 
dimethyl  ether,  but  using  aluminum  chloride  [5].  The  aldehydes  were  condensed  with  acetone  at  room  tempera¬ 
ture  in  water  or  in  aqueous  alcohol  in  presence  of  caustic.  Hydrogenation  of  resulting  styryl  ketones  took  place 
smoothly  using  skeletal  nickel  catalyst  and  yielded  the  corresponding  substituted  phaiyiethyl  methyl  ketones. 

Using  palladium  black  the  reaction  is  not  well-defined  and  a  mixture  is  obtained  containing  mote  completely 
hydrogenated  products. 

We  experienced  considerable  difficulty  in  attempting  synthesis  of  2,4-dihydroxyphenylethyl  methyl 
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ketone  (IV).  The  literature  contains  indications  that  benzaldehyde  with  two  ring  hydroxyl  groups  does  not  condense 
with  acetone  [2,6].  Our  work  confirmed  this.  It  appeared  i^obable  to  us  that  2,4-dihydroxyphenylethyl  methyl 
ketone  could  be  made  by  demethylation  of  i^eviously  prepared  2^^lethoxy-4-hydroxyP  henylethyl  methyl  ketone. 
We  performed  a  series  of  tests  on  dimethylation  of  this  compounds  under  widely  different  reaction  conditions: 
hydrobromic  acid  in  glacial  acetic  acid,  aluminum  chloride  in  benzene,  aluminum  chloride  in  nitrobenzene, 
heating  with  aniline  hydrochloride,  and  heating  with  mixed  sulfuric  and  glacial  acetic  acids.  All  these  tests 
resulted  in  a  tarry  reaction  i^oduct  from  which  it  was  not  possible  to  separate  individual  substances.  Evidently, 
this  may  be  explained,  on  the  one  hand,  by  the  extreme  instability  of  dihydroxyphenylethyl  methyl  ketone 
having  a  hydroxyl  group  ortho  to  the  side  chain,  and  on  the  other,  by  possible  enolization  of  the  carbonyl  group 
which  could  lead  to  formation  of  highly  condensed  cyclic  compounds  £2]  and  tars  under  these  relatively  severe 
conditions  which  are  normally  employed  for  saponfication  of  methjd  phenyl  ethers.  In  consequence,  we  were 
forced  to  explore  other  procedures  for  synthesis  of  2, 4-dihydro xyphenyiethyl  methyl  ketone.  The  problem  was 
whether  we  could  find  a  substitute  for  the  hydroxyl  groups  of  re sorcyl aldehyde,  which  would  not  be  affected 
during  the  condensation  reaction  with  acetone  carried  out  in  an  alkaline  medium,  but  which,  nevertheless,  could 
then  be  readily  split  off  under  mild  conditions.  The  benzyl  group  appeared  to  us  most  satisfactory  for  this  pur¬ 
pose.  It  could  be  expected  that  catalytic  hydrogenation  of  the  benzyl  ether  of  dihydroxystyryl  ketone  would 
lead  to  splitting  off  the  benzyl  groups  as  toluene  at  the  same  time  the  double  bond  became  saturated.  The  simi¬ 
lar  splitting  of  benzyl  groups  from  nitrogen  or  sulfur  by  catalytic  hydrogenation  is  well  known.  However,  cleav¬ 
age  of  benzyl  ethers  under  these  conditions  has  been  considerably  less  investigated,  although  there  are  references 
to  the  use  of  palladium  on  carbon  for  catalytic  hydrogenation  of  several  benzyl  ethers  which  were  split  with 
fonnaticn  of  toluene  and  hydroxycompounds  [7,8].  Because  use  of  palladium  as  a  catalyst  might  cause  reduc¬ 
tion  of  the  carbonyl  group,  we  decided  to  employ  a  skeletal  nickel  catalyst,  not  used  heretofore  for  cleavage 
of  benzyl  ethers.  We  hydrogenated  4-benzyloxy-2-hy  droxystyryl  methyl  ketone  (prepared  by  condensation  of 
4-benzyloxy-2-hydroxybenzaldehyde  [9]  with  acetone)  in  absolute  alcohol  at  room  temperature  and  atmos¬ 
pheric  ixessure.  The  quantity  of  hydrogen  necessary  for  reduction  of  the  double  bond  was  very  rapidly  ab- 
sc«bed;  the  balance  of  the  absorption  ixocess  took  place  very  slowly.  The  reaction  yielded  a  thick  yellowish 
uncrystallizable  oil  which  could  not  be  distilled  even  at  a  0.2  mm  vacuum  without  substantial  decomposition. 
Consequently,  the  analyses  on  the  fraction  obtained  were  not  wholly  satisfactory;  however,  they  were  quite 
adequate  to  demonstrate  that  complete  removal  of  benzyl  groups  by  hydrogenation  had  occurred.  Another  con¬ 
firmation  of  this  was  that  more  complete  hydrogenation  under  the  same  conditions  produced  a  crystalline  color¬ 
less  material,  which,  according  to  analyses,  was  2,4-dihydtoxyphenylethyl  methyl  carbinol. 

In  order  to  characterize  most  of  the  phenylethyl  methyl  ketones  as  well  as  several  initial  aldehydes 
and  styryl  ketones,  their  thiosemicarbazones  were  prepared. 

Of  the  phenylethyl  methyl  ketones  synthesized  by  us,  only  the  4-hydroxy-2-methoxy  derivative  had  a 
very  mild  sharp  taste;  the  other  ketones  did  not  have  this  property  at  all. 

We  extend  thanks  to  M.  N.  Shchukinay  for  guidance  in  the  experimental  work. 

EXPERIMENTAL 

Synthesis  of  2 -hydroxy-4-methoxyphe nylethyl  methyl  ketone  (II) 

a)  2 -Hydroxy -4-methoxybenzaldehyde.  A  mixture  of  40  g  zinc  cyanide,  250  ml  absolute  ether,  and  27  g 
resorcinol  monomethyl  ether  was  cooled  in  water  containing  ice;  a  rapid  stream  of  dry  hydrogen  chloride  was 
passed  through  the  vigorously  agitated  mixture.  During  this  period,  solid  zinc  cyanide  jarogressively  disappeared 
and  the  aldimine  hydrochloride  began  to  separate  as  a  thick  rose -colored  oil.  Cooling  was  discontinued  and 
subsequent  flow  of  hydrogen  chloride  took  place  at  room  temperamre.  The  reaction  mixture  was  fully  saturated 
with  hydrogen  chloride  in  3-4  hours.  The  ether  was  decanted  and  the  residual  viscous  mass  washed  with  a  small 
quantity  of  absolute  ether  and  heated  to  boiling  with  500  ml  water.  During  this  operation,  the  mass  hydrolized 
and  the  solution  became  bright-red  in  color.  On  cooling  the  solution,  a  crystalline  material  separated  which  con¬ 
sisted  of  a  mixture  of  4-hydroxy-2-methoxybenzaldehyde  and  2-hydroxy-4-methoxybenzaldehyde.  Following  sep¬ 
aration  of  the  precipitate  by  filtration,  the  filtrate  was  extracted  several  times  with  ether  and  the  residue  ,  re¬ 
covered  after  vaporization  of  ether,  was  added  to  the  main  product  portion.  The  aldehyde  mixture  was  steam  dis¬ 
tilled.  241ydroxy-4-methoxybenzaldehyde  was  vaporized  by  the  steam  and  condensed  as  a  colorless  oil  which 
crystallized  on  cooling.  Yield  10.2  g;  m.p.  39-42°  (according  to  the  literature,  the  m.p.  of  2 -hydroxy -4-methoxy¬ 
benzaldehyde  is  42“  [10]. 

Thiosemicarbazone  -light-yellow  crystals  (from  a  mixture  of  acetone  and  water),  m.p.  214°  (with  de¬ 
composition). 
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4.872  mg  substance:  5.190  mg  BaS04.  Found  S  14.63.  CyHi^OiNsS.  Calculated*^:  S  14.22. 

b)  2-Hydro xy-4-methoxystyryl  methyl  ketone.  This  was  prepared  by  condensing  2-hydroxy-4-methoxy- 
benzaldehyde  with  acetone  in  aqueous  caustic.  The  separated  material  melted  at  125-126*  (with  decomposition). 
Acceding  to  the  literature,  the  m.p.  of  2 -hydroxy -4-methoxystyryl  methyl  ketone  is  131*  [11]. 

Thiosemicarbazone-grayish  yellow  crystals,  decomposing  on  standing;  m.p.  170-172*. 

c)  2-Hydroxy-4-methoxyphenylethyl  methyl  ketone  (II).  2  g  skeletal  nickel  catalyst  was  added  to  a 
solution  of  5  g  2-hydroxy-4-methoxystytyl  methyl  ketone  in  100  ml  absolute  alcohol,  and  the  mixture  hydro¬ 
genated  at  room  temperature  and  atmospheric  ixressuie.  After  removal  of  caulyst  and  vaprxrization  of  solvent, 
the  residue  was  vacuum  distilled:  during  distillation  the  material  decomposed  and  became  violet-colored.  A 
fraction  boiling  at  142-145*  at  0.2  mm  was  collected;  it  was  a  colorless  viscous  liquid,  readily  soluble  In  alcohol 
and  ether  but  insoluble  in  water. 

4.870  mg  substance:  12.077  mg  COj;  3.139  iqg  H|0.  Found  *^k:  C  67.63;  H  7.21.  Calculated 

<?b:  C  68.04;  H  7.21. 

Thiosemicarbazone —colorless  crystals  shaped  like  elongated  prisms:  m.p.  135-137*. 

0.1319  g  substance;  0.1125  g  BaSO^.  Found  S  11.78.  CuHi/lgNgS.  Calculated*^:  S  11.98. 

Synthesis  of  2-methoxy-4-hydroxyphenylethyl  methyl  ketone  (I) 

a)  2-Methoxy-4-hydtoxybenzaldehyde.  2-methoxy-4-hydroxybenzaldehyde  was  formed  simultaneously  with 
2-hydroxy-4-Hiiethoxybenzaldehyde  by  action  of  zinc  cyanide  on  resorcinol  monomethyl  ether  in  ixresence  of 
hydrogen  chloride  (see  above).  The  residue  after  steam  distillation  of  2-hydroxy-4-inethoxybenzaldehyde  was 
boiled  with  carbon;  on  cooling,  17  g  2'TOethoxy-4-hydroxybenzaldehyde  (from  27  g  resorcinol  monomethyl  ether) 
came  out  of  solution  as  a  crystalline  lightly  rose-colored  material,  m.p.  156-158*  (according  to  the  literature, 
m.p.  of  2^llethoxy-4-hydroxybenzaldehyde  is  153*  [10]). 

Thiosemicarbazone  -light  yellow  crystals  (from  aqueous  alcohol),  m.p.  196.5*  (with  decomposition). 

5.471  mg  substance:  5.546  mg  BaS04.  Found  *^:  S  13.92.  CgH^OiNgS.  Calculated*^:  S  14.22. 

b)  2-Methoxy-4-hydroxystytyl  methyl  ketone.  To  a  solution  of  4  g  2^nethoxy-4-hydroxybenzaldehyde  in 

a  mixture  of  48  ml  2.5*^  NaOH  solution  and  8  ml  acetone,  12  ml  10*^  NaOH  solution  was  added  during  the  course 
of  an  hour  followed  by  120  ml  water.  The  transparent  dark  red  solution  was  allowed  to  stand  at  room  temperature 
for  two  days  and  then  diluted  to  400  ml  with  water  and  cautiously  acidified  with  hydrochloric  acid  until  weakly 
acid  to  Congo  Red.  The  bright-yellow  crystals  which  separated  were  removed  by  filtration,  washed  with  water, 
and  dried  in  a  vacuum  desicator.  After  recrystallization  from  aqueous  alcohol  using  carbon,  the  substance  had 
m.p.  165-166.5*.  Yield  2.5  g. 

4.248  mg  substance:  10.763  mg  COg;  2.411  mg  HgO.  Found  C  69.10:  H  6.35.  CiiH|gO|.‘  Calculated 

<^:  C  68.75;  H  6.02. 

Thiosemicarbazone  —  thick  hexahedral  plates  (from  96^  alcohol),  m.p.  201-202*  (with  decomposition). 

4.425  mg  substance:  3. 950  mg  BaS04.  Found  <7o:  S  12.26.  CigHjgOiNgS.  Calculated*^:  S  12.07. 

c)  2-Methoxy-4-hydtoxyphenylethyl  methyl  ketone  (I).  3  g  skeletal  nickel  catalyst  was  added  to  a 
solution  pf  7.45  g  2'methoxy-4-hydroxystyryl  methyl  ketone  in  75  ml  96*^  alcohol  and  the  mixture  hydrogenated 
at  room  temperature  and  atmospheric  pressure.  Absorption  of  hydrogen  was  complete  in  20  miimtes.  After 
removal  of  catalyst,  the  solvent  was  vaporized  by  vacuum:  and  the  residue  crystallized.  Material  recrystalli2;ed 
from  hot  water  using  carbon  had  m.p.  116-118*;  colorless  prisms,  readily  soluble  in  alcohol  and  acetone, 
difficultly  soluble  in  water.  Yield  5.8  g. 

3.301  mg  substance:  8.202  mg  CO|:  2.191  mg  HgO.  Found  *^:  C  67.76:  H  7.42.  CuHj40g.  Calculated 

*>*):  C  68.04;  H  7.21. 

Thiosemicarbazone —colorless  plates  (from  aqueous  alcohol),  m.p.  176-178*. 

4.559  mg  substance:  4.060  mg  BaSQg.  Fomd  *^:  S  12.23.  CjgHj^NgS.  Calculated  S  11.98. 
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Synthesis  of  2 , 4-climethoxyphe nyle thyl  methyl  ketone  (III) 

a)  2,4-Dimethoxybenzaldehyde  was  prepared  by  action  of  zinc  cyanide  on  a  benzene  solution  of  resorcinol 
dimethyl  etiier  in  presence  of  hydrogen  chloride  and  aluminum  chloride  [5].  Mp.  67-70*  (according  to  the 
literature,  m.p.  of  2,4-dimethoxybenzaldehyde  is  68-71*  [5]). 

Thiosemicarbazone —light  yellow  crystals  (from  aqueous  alcohol),  m.p.  194-195*  (with  decomposition). 

5.178  mg  substance:  5.035  mg  BaS04.  Found  S  13.35.  CnHyOjNjS.  Calculated  <yp:  S  13.38. 

b)  2,4-Dimethoxystyryl  methyl  ketone.  9.2  ml  acetone  and  14  ml  lO'^fc  NaOH  solution  were  added  to  a 
a  solution  of  4  g  2,4-dimethoxybenzaldehyde  in  25  ml  96*55)  alcohol.  The  mixture  was  allowed  to  stand  for  two 
days  at  room  temperature.  The  liquid  was  then  poured  into  500  ml  water:  the  thick  dark  yellow  oil  which  separated 
was  extracted  using  benzene.  After  drying  the  benzene  solution  and  evaporation  of  solvent  under  vacuum,  the 
residue  was  distilled  at  2  mm:  during  distillation  the  material  became  considerably  resinous  and  decomposed. 

A  fraction  (2.6  g)  was  separated  having  b.p.  185-190*,  it  was  a  thick, yellow  oil. 

Thiosemicarbazone  of  2,4-dimethoxystyryl  methyl  ketone  —spindle-shaped  bright  yellow  crystals  (from 
aqueous  alcohol),  m.p.  168-170*. 

4.871  mg  substance:  4.080  mg  BaS04.  Found  S  11.50.  Ci5Hj70||N3S.  Calculated  ’’Jo:  S  11.47. 

c)  2,4411medioxyphenylethyl  methyl  ketone  (III).  A  solution  of  2.4  g  2,4-dimethoxystyryl  methyl 
ketone  in  50  ml  absolute  alcohol  was  hydrogenated  in  presence  of  skeletal  nickel  catalyst  (1  g)  at  room 
temperature  and  atmospheric  pressure.  When  hydrogenation  was  completed,  the  catalyst  was  removed  by 
filtration,  the  solvent  removed  by  distillation,  and  the  residue  —  an  uncrystallizable  oily  liquid  —  vacuum 
distilled.  A  fraction  with  b.p.  142-145*  at  2  mm  was  obtained  -  colorless  liquid,  readily  soluble  in  alcohol 
and  acetone  but  insoluble  in  water. 

3.218  mg  substance:  8.164  mg  CO^:  2.196  mg  H|0.  Found  C  69.19:  H  7.64.  CifHjgOi';  Calculated 
C  69.23:  H  7.69. 

Synthesis  of  2 , 4-dlhy droxyphe ny le thyl  methyl  ketone  (IV) 

a)  6-Resotcyl  aldehyde  was  prepared  by  action  of  zinc  cyanide  on  an  ether  solution  of  resorcinol  in 
presence  of  hydrogen  chloride  [12].  M.p.  136-137*  (according  to  the  literature,  m.p.  of  B-resorcyl  aldehyde  is 
135-136*  [12]). 

Thiosemicarbazone -fine,  white  needles  (from  50°^  alcohol),  m.p.  222.5*  (with  decomposition). 

3.559  mg  substance:  3.988  mg  BaS04.  Found  <5^:  S  15.38.  CiH^O^NiS.  Calculated*^:  S  15.16. 

b)  4*^nzyloxy-2-hydtoxybenzaldehyde.  This  was  prepared  by  benzylation  of  8  g  resorcyl  aldehyde 
using  benzyl  chloride  in  absolute  alcohol  in  the  presence  of  sodium  alcoholate  [9]. .  2  g  of  a  subsunce  was 
obtained,  m.p.  77-80*  (according  to  the  literature,  m.p.  of  4-benzyloxy-2-hydroxybenzaldehyde  is  77-80*  [9]). 

Thiosemicarbazone  -glistening  thin  plates  (from  alcohol),  m.p.210-211*. 

6.865  mg  substance:  0.846  ml  (23*,  739.0  mm).  Found  <5b:  N  13.81.  CuHi|0|N|S.  Calculated  <5b: 

N  13.95. 

c)  4r^nzyloxy-2-hydroxystyryl  methyl  ketone.  4  ml  acetone  and  24  ml  2.5*55:  NaOH  solution  were 
added  to  3  g  4-benzyloxy-2-hydroxybenzaldehyde.  A  voluminous  white  precipitate  of  the  sodium  aldehyde 
derivative  formed  at  once.  To  the  resulting  mass,  12  ml  10*55}  NaOH  solution  was  added,  during  the  course 
of  an  hour,  with  stirring,  followed  by  50  ml  water.  The  mixture  was  shaken  for  60  hours,  during  which  most 
of  the  mass  slowly  went  into  solution  and  the  liquid  developed  an  intense  orange-red  color.  The  remaining 
undissolved  precipitate  was  removed  by  filtration,  and  the  fllaate  cautiously  acidified  with  2*55)  hydrochloric 
acid  solution  until  weakly  acid  to  Congo  red.  The  yellowish  precipitate  of  styryl  ketone  was  separated  by 
filtration,  dried,  and  washed  twice  with  boiling  petroleum  ether  to  remove  admixed  Initial  aldehyde.  After 
repeated  recrystallization  from  70^  alcohol  the  material  had  m.p.  167*:  lightly  rose-tinted, elongated  prisms 
readily  soluble  in  acetone  and  boiling  alcohol,  insoluble  in  water.  Yield  1.3  g. 

3.101  mg  substance:  8.602  mg  CO^:  1.593  mg  H,0.  Found  *55):  C  75.65:  H  5.75.  C^Hj^Os  .  Calculated 

*55):  C  76.12:  H  5.97. 

From  the  sodium  aldehyde  derivative  which  did  not  enter  the  reaction,  1.6  g  4-benzyloxy-2-hydroxy- 
benzaldehyde  was  recovered. 
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d)  Catalytic  hydrogenation  of  4-benzyloxy-2-hydtoxystyryl  methyl  ketone.  A  solution  of  1  g  4-benzyloxy- 
2-hydroxystyryl  methyl  ketone  in  50  ml  absolute  alcohol  was  hydrogenated  at  room  temperature  and  atmospheric 
pressure  in  presence  of  1  g  skeletal  nickel  catalyst.  According  to  calculation,  186  ml  Hj  (17*,  734  mm)  is 
necessary  for  saturation  of  the  double  bond  and  removal  of  the  benzyl  group.  The  first  90  ml  was  absorbed  very 
quickly,  then  hydrogenation  became  much  slower,  and  finally  absorption  of  hydrogen  took  place  very  slowly. 
After  absorption  of  200  ml  hydrogen,  the  hydrogenation  was  stopped,  catalyst  filtered,  solvent  removed  in 
vacuum,  and  the  residue  -  a  thick,  yellowish  liquid  -  vacuum  distilled.  During  distillation  the  material  became 
considerably  resinous  and  decomposed,  and  it  was  not  possible  to  achieve  its  complete  purification.  A  faction 
was  separated  with  b.p.  175*  at  0.3  mm  which  was  a  thick  non-crystalline  yellow  mass.  The  analytical  data 
show  that  together  with  reduction  of  the  double  bonds,  the  benzyl  group  was  almost  completely  removed  while 
the  carbonyl  group  remained  unattacked. 

5,969  mg  subitance:  14,969  mg  CO|:  3.757  mg  H|0.  4.227  mg  subsunce:  1.06  ml  CH4(17*,  737  mm). 

Found  <7o:  C  68.39;  H  7.04;  OH  17.51.  CioHuO,.  Calculated  C  66.66;  H  6.66;  OH  18.88. 

Saturation  hydrogenation  under  the  same  conditions  gave  a  colorless  crystalline  material,  m.p.  114-116*, 

3,323  mg  substance:  8.028  mg  COg;  2.313  mg  H|0.  Found  C  65.89;  H  7.77;  Cj^Hi^Oi*  Calculated 

‘Jb:  C  66.70;  H  7.69. 

SUMMARY 

1.  We  synthesized  several  zingerone-type  compounds;  they  appear  to  be  resorcinol  derivatives  having 
the  hydroxyl  and  methoxyi  groups  in  different  positions  of  the  benzene  ring, 

2.  We  found  that  all  these  compounds  had  practically  no  sharp  taste. 
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SYNTHESIS  OF  1 -ME  T  HOX  Y  PH  EN  A  N  T  HRID  IN  E 

A.  Ya.  Berlin  and  T,  P.  Sicheva 


Monomethoxy  substituted  phenanthridines  have  not  been  reported  in  the  literature  until  this  time.  While 
engaging  in  study  of  a  group  of  derivatives  of  phenanthridine,  we  found  it  necessary  to  synthesize  phenanthridine 
with  a  methoxyl  group  in  the  1-position. 


We  planned  to  prepare  this  material  by  the  following  scheme: 


Biphenyl,,  the  starting  material  for  this  synthesis,  was  prepared  via  phenyl  magnesium  bromide  [1]  with 
85-95<7o  yield. 

We  introduced  the  hydroxyl  group  into  o-nitrobiphenyl  by  action  of  anhydrous  potassium  hydroxide  in 
benzene  solution  [3].  It  should  be  mentioned  that  this  reaction  was  accompanied  by  considerable  resin  formation, 
which  is  associated,  evidently,  with  the  oxidation  i^ocess,  and  it  was  not  possible  to  obtain  a  satisfactory  yield. 

By  carrying  out  a  series  of  experiments  at  different  conditions,  it  was  determined  that  the  best  yield  of  2-nitro- 
3 -hydroxy biphenyl  (approximately  30^  of  theoretical)  was  obtained  by  performing  the  reaction  at  90-95*  over 
a  6-7  hour  period:  under  these  conditions  a  portion  of  the  initial  2-nitrobiphenyl  may  be  recovered. 

We  methylated  2-nitto-3-'hydroxybiphenyl  using  dimethyl  sulfate  in  caustic  medium,  yield  was  90-96^ 
of  theoretical.  The  2-nitro-3^ethoxybiphenyl  obtained  was  catalytically  hydrogenated  at  atmosi^erlc  pressure 
and  room  temperature  using  skeletal  nickel  catalyst.  Hydrogenation  was  performed  both  in  alcohol  and  in  ethyl 
acetate  solution.  In  the  latter,  nitro  group  reduction  took  place  considerably  more  rapidly  and  with  quantitative 
yield  of  2-amino-3-methoxybiphenyl. 

By  heating  2-amino-3-methoxybiphenyl  with  formic  acid  we  laepared  2-formylamino-3^Tiethoxybiphenyl, 
which  was  then  subjected  to  ring  closure  using  zinc  chloride  at  280-300*  [4].  Considerable  tar-formation  occurred 
during  ring-closure;  we  were  able  to  separate  only  a  very  small  amount  of  the  base  which  was  then  converted  to 
the  picrate.  In  recrystallization  of  the  picrate,  two  materials  with  different  melting  points  and  different  crystal¬ 
line  forms  were  separated.  Analytical  dau  showed  that  they  were  the  picrates  of  1-hydroxy-  and  1-methoxy- 
phenanthridine:  from  this  it  follows  that  the  process  of  ring  closure  using  zinc  chloride  leads  to  partial  saponifica¬ 
tion  of  the  methoxyl  group. 

The  very  small  quantity  of  base  separated  from  these  picrates  was  purified  by  sublimation.  Two  materials 
were  obtained  thereby,  which,  according  to  the  analytical  data,  were  1-hyiroxyphenanthridine  and  1-methoxyphen- 
anthridine. 

EXPERIMENTAL 

2-Nitro-3-hydroxybiphenyl.  A  mixture  of  3  g  2-nitrobiphenyl,  30  g  finely  subdivided  potassium  hydroxide, 
and  30  ml  absolute  benzene  was  agitated  at  90-95*  for  7  hours.  After  cooling,  the  dark  red  reaction  mass  was 
poured  into  water,  the  benzene  layer  sepaotted,  and  the  aqueous  layer  extracted  several  times  with  benzene. 

About  0.5  g  of  the  initial  2-nitrobiphenyl  were  recovered  from  the  benzene  solution  after  removal  of  solvent. 
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The  water  layer  was  acidified  with  concentrated  hydrochloric  acid  until  acid  to  Congo  re;d,  and  the  dark  oily 
precipitate  which  was  formed  extracted  with  ether.  After  removal  of  the  ether,  the  residual  dark  tarry  mass 
was  repeatedly  extracted  with  a  saturated  aqueous  solution  of  sodium  bicarbonate.  This  solution  was  acidified 
with  hydrochloric  acid;  the  dark  crystalline  precipitate  which  formed  was  removed  by  filtration,  and  dissolved 
in  a  small  amount  of  ethyl  alcohol;  the  resulting  solution  was  diluted  with  three  times  its  volume  of  water. 

Most  of  the  tarry  contaminants  remained  in  solution  in  this  step,  and  the  precipitate  which  separated  was 
almost  pure  2-nitro-3-hydroxybiphenyl  in  the  form  of  bright  yellow  crystals.  Weight  1  g.  After  recrystallization 
from  petroleum  ether  the  material  had  m.p.  82-84*  (accmding  to  the  literature  the  m.p.  of  2-nitro-3-hydroxybi- 
phenyl  is  81-82*  [3]). 

2-Nitro-3-methoxybiphenyl.  To  a  hot  bright  red  solution  of  2.3  g  2-nitro-3-hydroxybiphenyl  in  7  ml  of 
7<5fc  sodium  hydroxide  solution,  was  added  1.2  ml  freshly  distilled  dimethyl  sulfate  and  the  mixture  heated  with 
agitation  for  15  minutes;  ll°lo  sodium  hydroxide  solution  was  then  added  until  alkaline.  We  continued, 
alternately  adding  dimethyl  sulfate  (0.5  ml  portions)  and  caustic  solution,  until  a  red  color  no  longer  developed 
following  the  last  addition  of  alkali  (alkaline  to  litmus).  A  crystalline  precipitate,  which  was  extracted  with 
ether,  separated  on  cooling.  The  ether  solution  was  washed  with  2<5(j  sodium  hydroxide  solution,  then  with  water, 
and  dried' vrtth  potassium  carbonate.  After  evaporation  of  the  solvent,  a  crystalline  subsunce  having  m.p.  84-92* 
remained.  Recrystallized  from  petroleum  ethei,  2^litro-3-methoxybiphenyl  had  a  m.p.  of  101.5-102.5*.  Weight 
2.3  g  (yield  95^  of  theoretical). 

2.429  mg  substance:  6.074  mg  COj;  1.111  mg  HjO.  6.598  mg  substance:  0.350  ml  (20.5*,  729  mm). 

Found  °jo-.  C  68.20;  H  5.12;  N  5.92.  CisHijOsN.  Calculated  C  68.12;  H  4.80;  N  6,11. 

2-Amino-3 ^ethoxy biphenyl.  A  solution  of  3.9  g  2-nitro-3^ethoxybiphenyl  in  100  ml  ethyl  acetate  was 
catalytically  hydrogenated  using  skeletal  nickel  catalyst  (5  g  of  paste).  At  end  of  reaction,  catalyst  was 
removed  by  filtration  and  solvent  evaporated  in  vacuum.  The  residue  was  dissolved  in  ether,  and  the  ether 
solution  extracted  with  2^  hydrochloric  acid  solution.  A  dark-colored  crystalline  material  was  formed  on 
evaporation  of  the  acid  solution.  The  weight  of  2-amino-3-methoxybiphenyl  hydrochloride  was  4  g.  The 
hydrochloride  was  dissolved  in  an  excess  of  hydrochloric  acid  and  the  solution  heated  with  carbon.  After 
removal  of  carbon  and  addition  of  sodium  hydroxide  solution  until  alkaline,  a  white  finely-crystalline  {precipi¬ 
tate  was  separated.  On  recrystallization  from  aqueous  alcohol,  2-amino-3^^lethoxybiphenyl  had  m.p.  59-60.5*. 

3.192  mg  substance:  9.195  mg  COj;  1.860  mg  HjO.  6,757  mg  substance:  0.430  ml  Nj  (19.5*,  725.0  mm). 

Found  %:  C  78.56;  H  6.52;  N  7,09.  CijHijON.  Calculated  o]o-.  C  78.39;  H  6.53;  N  7.03. 

The  picrate  of  2-amino-3^Tiethoxybiphenyl  was  prepared  by  addition  of  a  saturated  solution  of  picric 
acid  in  absolute  ether  to  a  solution  of  the  amine  in  the  same  solvent.  After  recrystallization  from  water  the 
substance  had  an  m.p.  of  153.5*. 

3,428  mg  substance:  0.395  ml  Nj  (19.5*,  737.5  mm).  Found  N  13.04.  CyHijON'  CgHjOyNj. 

Calculated  %  N  13.08. 

2-Formylamino-3-methoxybii>henyl.  A  mixture  of  2.5  g  2-amino-8-methoxybiphenyl  and  5  ml  freshly 
distilled  ftxmic  acid  was  heated  on  an  oil  bath  for  2  hours  at  140*.  Formic  acid  was  then  removed  under  vacuum; 
the  residue  was  then  ground  with  i)etroleum  ether,  whereujwn  the  material  crystallized.  Crystals  were  removed 
by  filtration,  washed  with  {jettoleum  ether,  and  dried.  Weight  2,6  g.  In  order  to  remove  unreacted  amine,  the 
material  was  dissolved  in  ether,  and  the  ether  solution  extracted  with  Qf’/o  hydrochloric  acid.  After  washing  with 
water  and  removal  of  solvent,  the  residue  was  recrystallized  several  times  from  ether.  Pure  2-formylamino-3- 
methoxybiphenyl  had  m  p,  113-114*. 

7.660  mg  substance:  3.38  ml  0.01  N  H,S04  (Kjeldahl).  Found  N  6.18.  CuHuNO,.  Calculated 

N  6.16. 

l-Methoxyphenanthridine.  2.4  g  2-formylaminD-3-methoxybii)henyl  and  6  g  fused  zinc  chloride  were 
placed  in  a  round-bottom  flask  fitted  with  a  thermometer  reaching  to  the  bottom  and  an  air  condenser.  The 
mixture  was  heated  on  a  Babo  funnel  fc»  6  hours  at  240-290*.  At  the  end  of  the  reaction,  the  mass  had  turned 
very  dark.  The  reaction  mixture  was  treated  with  hot  water,  and  the  resulting  greenish-brown  precipitate  was 
separated  by  filtration  and  treated  with  a  10^  hydrochloric  acid  solution.  A  i)ortion  of  the  substance  dissolved, 
but  most  of  the  material  remained  undissolved  as  a  thick  black  tar.  The  acid  solution  was  decanted  from  tar 
and  ix)ured  into  25<^  aqueous  ammonia  to  siting  the  free  bases  and  to  separate  zinc  remaining  in  the  material. 
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A  voluminous  floculent  precipitate  was  formed  which  was  extracted  with  benzene.  After  evaporation  of  the 
solvent,  the  residue  was  heated  for  15  minutes  with  6  ml  acetic  anhydride  in  order  to  remove  2-amino-3- 
methoxybiphenyl,  which  could  have  been  formed  by  hydrolysis  of  unreacted  formyl  derivative;  the  almost 
black  solution  was  poured  into  60  ml  1  N  HCl. 

The  black  tarry  precipitate  which  separated  was  filtered,  the  filtrate  made  alkaline  with  25*70  aqueous 
ammonia  solution:  during  this  a  partially  crystalline  brown  oil  separated.  It  was  extracted  with  benzene,  and 
after  evaporation  of  the  solvent,  the  residue  was  dissolved  in  glacial  acetic  acid.  A  saturated  solution  of 
picric  acid  in  glacial  acetic  acid  was  then  added.  The  picrate,  a  voluminous  yellow  precipitate,  was  filtered, 
washed  with  glacial  acetic  acid,  and  dried  in  a  vacuum  dessicator.  After  repeated  recrystallizatlon  from 
glacial  acetic  acid,  we  were  able  xo  separate  the  picrate  into  two  different  materials:  l^nethoxyphenanthridine 
picrate  and  1-hydroxyphenanthridine  picrate. 

The  picrate  of  1-methoxyphenanthridine  formed  fine  curved  needles,  melting  at  232*. 

4.032  mg  substance:  0.439  ml  N|  (18.5*,  748.0  mm).  Found  °Jo:  N  12.55.  CiiHyON-  CjHiOyNi. 

Calculated  <^o:  N  12.78. 

The  picrate  of  1-hydroxyphenanthrldine  formed  elongated  prisms,  m.p.  219-220*. 

3,376  mg  substance;  0.406  ml  N|  (16.0*,  720,6  mm).  Found  <7o;  N  13.48.  CuHfON ■  CfHiOfNi. 

Calculated  N  13.21, 

Both  prepared  picrates  were  heated  with  concentrated  hydrochloric  acid.  From  the  solution  of  hydro¬ 
chlorides,  the  bases  were  separated  in  free  form  and  purified  by  distillation, 

l-Methoxyphenanthrldine  was  separated  from  the  picrate  which  melted  at  232*;  colorless  crystals 
melting  at  140-142*. 

3,529  mg  substance:  10,340  mg  CC>|:  1,669  mg  H|0.  6.031  mg  substance;  0,349  ml  N|  (18.0*,  748,5  mm). 

Found  C  79.91;  H  5.26;  N  6.69.  CuHuON.  Calculated  <7>:  C  80.38:  H  6,26;  N  6.69. 

1-Hydroxyphenanthridlne  was  separated  ftom  the  picrate  which  melted  at  219-220*:  colorless  crystalline 
subsunce  melting  at  186-188*. 

4,219  mg  substance:  12.301  mg  CO|;  1.791  mg  H|0.  6.008  mg  substance:  0.372  ml  N|  (20.5*, 

748.0  mm).  Found  C  79.52:  H  4.75;  N  7.09.  CuH^N.  Calculated  <7»:  C  80.00;  H  4.61;  N  7.17. 

SUMMARY 

1-Methoxyphenanthrldlne  and  1-hydroxyphenanthridlne  together  with  a  group  of  new  derivatives  of 
biphenyl  have  been  prepared  and  described. 
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THE  BETAINE-LIKE  COMPOUNDS  FORMED  WHEN  A  PROTON  IS  DETACHED  FROM  THE 

NH -GROUP 

VII.  REACTION  WITH  ALKYL  AND  ACYL  HALIDES 

A.  M.  Simonov 

The  chemical  properties  of  dipolar  ions  described  in  our  earlier  papers  [1]  have  been  studied  compara¬ 
tively  slightly.  We  investigated  the  behavior  of  these  compounds  only  with  acids  and  water.  It  was  shown  that 
all  dipolar  ions  of  this  type  readily  react  with  acids,  even  with  dilute  acetic  acid,  to  form  the  corresponding 
quartenary  salts.  In  contrast,  hydration  occurred  only  for  those  compounds  we  had  ixepared  in  whose  molecules 
the  nitrogen  atom,  bearing  a  negative  charge,  was  linked  to_g-toluenesulfonic,  benzoic,  or  p-nitiobenzoic  acid 
radicals:  in  contact  with  water  vap<»,  betaines  of  the  stated  structure  added  one,  sometimes  two,  molecules  of 
water  relatively  rapidly.  Dipolar  ions  containing  on  the  negatively  charged  nitrogen  atom  dinitroj^enyl  or 
piciyl  groups,  i.e.,  groups  which  caused  a  particularly  strong  displacement  of  elections  from  the  negatively 
charged  N-atom,  were  not  converted  into  bases  under  the  above  stated  conditions. 

It  is  shown  in  this  paper  that  dipolar  ions  of  the  type  studied  react  with  alkyl  halidqs  similarly  to  amino- 
acid  betaines  [2]  and  phenol-betaines  of  the  quinoline  type  [3].  The  alkyl  group  of  the  alkyl  halide  here 
attaches  to  the  negative  N-atom,  and  the  reaction  results  in  formation  of  a  quartenary  salt.  For  instance, 
methyl-betaine  6-(£'toluenesulfonamido)-quinoline  (I)  when  heated  readily  combines  with  one  molecule  of 
methyl  iodide;  to  the  resulting  compound  must  be  attributed  the  structure  of  6-(N-methyl^-toluenesulfonamido}- 
quinoline  methyl  iodide  (II),  because  it  is  identical  to  the  quartenary  salt  formed  by  reaction  of  6-(N-methyl-p;- 
toluenesulfonamido)-quinoline  (IV)  with  methyl  iodide.  Methylbetaine  6^ethoxy-8-(p-toluenesulfonamide)- 
quinoline  and  methylbetaine  6-(2',4*-dinltioanilino)-quinoline  react  with  methyl  iodide  indie  same  manner  as  does 
dipolar  ion  (I).  The  methyl  ester  of^-toluenesulfonic  acid  reacts  with  betaines  in  the  same  way  as  does  methyl 
iodide. 


(UI)  (IV) 

The  reaction  conditions  are  dependent  on  the  nature  of  the  radicals  attached  to  the  negatively  charged 
N-atom.  As  in  the  case  of  hydration,  the  more  electronophilic  the  group  attached  to  the  negative  N-atom,  the 
less  readily  is  an  alkyl  group  attached  to  that  atom.  For  example,  methyl-betaine-6-(p-toluenesulfonamido)- 
quinoline  reacts  with  methyl  Iodide  at  75-60*,  while  methylation  of  the  structurally  analogous  betaine  containing 
a  2,4-dlnitrophenyl  group  instead  of  the  2'Coiuenesulfonamldo  one  proceeds  satisfactorily  only  at  the  higher 
temperature  of  125-130*. 

The  possibility  of  reaction  between  betaines  of  the  type  under  study  and  add  chlorides  is  demonstrated 
using  as  an  example  reaction  of  methyl -betaine  6-^-toluenesulfonamldo)-qulnollne  (I)  with  benzoyl  chloride: 
when  heated  at  120-130*,  the  quartenary  salt  (V)  is  formed. 
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(V) 


CsHjCO 


r 

CH, 


Cl 


Returning  to  the  question  about  alkylation  of  methyl -betaine  6-(p-toluenesulfonamido)-quinoline,  we  saw 
that  it  would  be  necessary  to  prepare  6-(N-methyl-p-toluenesulfonamido)-quinoline  (IV)  in  order  to  explain  the 
structure  of  the  reaction  product  -  quartenary  salt  (II).  For  this  purpose,  we  attempted  to  methylate  6-(p-toluene- 
sulfonamido)-quinolme  (III).  The  reaction  did  not  give  satisfactory  yield,  using  ordinary  methods  of  alkylation, 
because  the  alkylating  agent  primarily  directs  itself  to  the  hetero  N-atom,  and  in  alkaline  medium  leads  to 
formation  of  dipolar  ion  (I)  or  the  free  base  corresponding  to  it.  We  therefore  tried  to  perform  the  alkylation 
using  trimethylphenylammonium  hydroxide  according  to  the  Rodionov  procedure  [4];  this  alkylation  agent, 
successfully  used  fcH^  alkylaticui  of  phenols,  shows  special  value  in  those  cases  where  the  compound  to  be  alkylated 
has  a  tertiary  N-atom,  besides  the  phenolic  hydroxyl  group,  which  precludes  the  possibility  of  forming  the 
quartenary  salt  (mettiylation  of  morphine).  It  could  be  expected  that  use  of  this  alkylation  pwocedure  would  be 
expedient  in  our  case. 

The  possibility  of  methylating  the  -SO|NH-gtoup  using  trimethylphenylammonium  hydroxide  was  first 
confirmed,  with  positive  results,  on  the  anilide  of  p-toluenesulfonic  acid.  The  reaction  goes  according  to  the 
equation: 

ArSOjNHAr'  +  [C^N(CH,),]OH  — ►  ArSOiN(CH,)Ar'  +  CjHjNfCHj),  +  H,0. 

In  tests  performed  later  to  methylate  by  this  procedure  6-^p-toluenesulfonamido)-quinoline,  we  were  able 
to  prepiare  6-(N-methyl-p-toluenesulfonamido)-quinoline  with  a  60%  yield,  based  on  the  anilide  which  was  reacted. 
Consequently,  quartenary  ammonium  bases  may  be  successfully  used  to  alkylate  the  NH-group  of  aryl  sulfon¬ 
amides:  this  alkylation  procedure  is  expedient,  evidently,  for  those  compounds  whose  molecules  contain  a 
tertiary  nitrogen  atom  in  addition  to  the  substituted  sulfonamide  group. 

In  contrast  with  6-^toluenesulfonamldo)-quinoline,  8-(pHoluenesulfonamido)-quinoline  and  6-methoxy- 
8-(p-toluenesulfonamido)-quinolme  may  be  successfully  alkylated  using  csdinary  methods.  The  alkylating  agent 
in  these  cases  reacts  primarily  with  the  NH-group  because  quartenary  salt  formation  takes  place  with  difficulty; 
it  is  possible  that  this  may  be  attributed  to  steric  hindrance  associated  with  presence  of  the  toluenesulfonamido 
group  in  the  8-position,  i.e,  ortho  to  the  hetero  N-atom.  The  presence  of  a  methyl  group  in  position  8  has  a 
similar  influence,  because  methylatlon  of  6-(p-toluenesulfonamldo)-8-methylquinoline  may  also  be  performed 
using  ordinary  means  [6], 

EXPERIMENTAL 

6-<N-Methyl-p-toluenesulfonamido)-qu:noline.  If  the  sodiium  salt  of  S^p-toluenesulfonamidoquinoline  was 
heated  to  110*  with  the  methyl  ester  of  p-toluenesulfonic  acid,  the  formation  of  a  brown  tarry  product  together 
with  copious  gas  evolution  was  observed;  jx^obably,  a  betaine  was  first  formed  which  then  decomposed  under  the 
reaction  conditions.  By  performing  the  alkylation  under  milder  conditions,  for  insunce  by  heating  6-p-toluene- 
sulfonamidoquinoline  with  the  methyl  ester  of  p-toluenesulfonic  acid  in  acetone  solution  in  presence  of  potassium 
carbonate,  considerable  betaine-formation  takes  place:  the  yield  of  N-methyl  derivative  as  a  contaminant  is  very 
small.  Alkylation  using  dimethyl  sulfate  in  cold  aqueous  alkaline  solution  gave  the  base  almost  exclusively. 
Satisfactory  results  were  obtained  only  by  alkylation  with  trimethylphenylammonium  hydroxide,  following 
Rodionov  f^].  An  equimolar  quantity  of  alkylating  agent  was  used  in  the  reaction. 

0.23  g  sodium  was  dissolved  in  5  ml  alcohol:  to  the  alcoholate  was  added  a  solution  of  3.07  g  (0.01  mole) 
trimethylphenylammonium  pHoluenesulfonate  in  8  ml  alcohol.  Sodium  toluenesulfonate,  which  precipitated  on 
cooling,  was  filtered  off  and  washed  with  4  ml  alcohol.  To  the  filtrate  was  added  2.98  g  (0.01  mole)  6-(p-toluene- 
sulfonamido)^umoline.  The  alcbhol  was  evaporated,  the  temperature  of  the  reaction  mixture  increased 

to  110*,  and  heating  continued  at  107-112*  for  50  minutes,  mixing  the  mass  from  time  to  time.  After  acidifica¬ 
tion  with  acetic  acid,  dimethyl  aniline  was  removed  by  steam  distillation.  The  residue  was  made  alkaline  with  a 
concentrated  solution  of  caustic,  and  the  caustic  solution  combined  with  the  oily  product  formed;  it  was 
crystallized  by  mixing  with  water  and  cooling.  The  water-washed  precipitate  was  dissolved  in  3%  hydrochloric 
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acid,  the  solution  boiled  with  carbon,  filtered,  and  made  alkaline.  The  1.12  g  of  pinkish-white  residue  which 
farmed  was  dissolved  in  ether  in  order  to  separate  the  small  quantity  of  admixed  starting  materiab,  and  the 
ether  solution  washed  with  dilute  caustic.  After  vaporization  of  ether,  the  residue  was  crystallized  from  benzene 
and  from  a  mixture  of  petroleum  ether  and  benzene.  White  crystals,  m.p.  121. 5-122. 5*,  readily  soluble  in  alcohol 
and  benzene. 

Found  <7o:  S  10.14,  10.20.  CitHuNjO^S.  Calculated  S  10.26. 

A  brownish-pink  ivecipitate  of  starting  material  was  separated  from  the  caustic  solutions  on  acidification. 
After  crystallization  from  alcohol,  1.22  g  pinkish-white  crystals  were  obtained,  m.p.  195.5-197*.  Consequently, 
yield  of  methylation  product,  based  on  O-p-toluenesulfonamidoquinoline  reacted,  amounted  to  ^OPjo. 

6 -(N-Methyl-p-toluenesulfonamldo) -quinoline  methyl  iodide.  6-fN-Methyl-p-toluenesulfonamido)-quino- 
line  was  heated  for  1  hour  at  45*  with  an  excess  of  methyl  iodide:  the  excess  of  the  latter  was  removed  by 
distillation  and  the  residue  crystallized  from  a  small  volume  of  methyl  alcohol.  Very  fine  pale  yellow  needles, 
melting  at  220-221*  (with  decomposition),  readily  soluble  in  hot  waterl  The  aqueous  solution  did  not  become 
yellow  on  addition  of  ammonia,  nor  did  a  precipitate  form  (in  contrast  with  the  methyl  iodide  of  6-p-toluene- 
sul  fonamidoquinoline ) . 

Found  %  127.72.  CigHi,N,0|SI.  Calculated  127.94. 

N-Methylanilide  of  p-toluenesulfonic  acid  (prepared  in  collaboration  with  D.  A.  Krivosheya).  2.47  g 
(0.01  mole)  of  the  anilide  of  j2-toluenesulfonic  acid,  was  methylated  at  110*  by  the  Rodionov  procedure  using 
trimethylphenylammonium  hydroxide,  which  latter  was  prepared,  as  mentioned  above,  from  3.07  g  (0.01  mole) 
trim ethylpheny lam monium  p-toluenesulfonate.  In  order  to  free  the  compound  obtained  more  completely  from 
surting  materials,  it  was  di^olved  in  ether  and  washed  with  a  caustic  solution.  Yield  1.80  g  (70<^).  The  product 
was  twice  crystallized  from  alcohol.  M.p.  93.5-94.5*  (according  to  the  literature,  m.p.  is  94-95*  [7-9].  On 
acidification  of  die  caustic  mother  liquor,  0.2-0. 4  g  initial  anilide  of  p-toluenesulfonic  acid  was  separated. 

Reaction  between  methyl-betaine  6-(p-toluenesulfonamido) -quinoline  with  methyl  iodide.  0.5  g  methyl- 
betaine  6-(p-toluenesulfonamidl>)-quinoline  and  1.2  ml  methyl  iodide  were  heated  in  a  sealed  tube.  The 
reaction  took  place  very  slowly  at  60-65*  —  no  change  in  color  of  reaction  mixture  occtured  in  a  half-hour; 
above  70*  the  mixture’s  ted  color  progressively  turned  yellow.  At  75-80*,  alkylation  required  2.5  hours;  at 
105*,  heating  time  was  reduced  to  40  minutes.  The  yellow  crystalline  precipitate  was  filtered,  and  washed 
repeatedly  with  dry  benzene.  Yield  0.71  g,  i.e.,  almost  theoretical.  After  two  crystallizations  from  methanol, 
the  compound  formed  pale  yellow  crystals  (fine  needles).  The  product  was  identical  to  the  methyl  iodide  of 
6-(N-methyl-p-toluenesulfonamido)-quinoline  prepared  from  6-(N'iiiethyl-p-toluene-sulfonamido)-quiiwline 
(m.p.  219-221*,  mixed  tests  showed  no  depression). 

Found  1  27.92,  27.70.  Ci,Hi90,N,Sl.  Calculated  ‘Jb:  I  27.94. 

Reaction  between  methyl-betaine  6-(p-toluenesuIfonamido)-quinoline  and  p-toluenesulfonic  acid  methyl 
ester.  A  mixture  of  0.30  g  methyl-betaine  6-(p-toluenesulfonamido)-quinoline  and  0.30  g  p-toluenesulfonic  acid 
methyl  ester  was  heated  at  130-140*  for  1.5  hours.  Excess  methyl  ester  was  rinsed  away  with  boiling  benzene, 
the  hygroscopic  ivoduct  was  dissolved  in  a  small  volume  of  boiling  water,  and  1.5  g  sodium  iodide  in  3  ml 
water  added  to  the  solution.  The  precipitate  (0.40  g)  crystallized  from  methanol  as  pale  yellow  needles.  The 
product  was'the  methyl  iodide  salt  of  6-(N-methyl^-toluenesulfonamido)-quinoline  (m.p.  220-221*,  no  dei^ession 
was  observed  in  mixed  melting  point  tests  using  the  methyl  iodide  salts  obtained  by  one  of  the  above  described 
procedures). 

Reaction  between  methyl-betaine  6-(2*,4*-dinipoanilinp)-quinoline  and  methyl  iodide  [preparation  of 
methyl  iodide  salt  of  6-( N-methyl -2*, 4*-dlnitroanilino)  quinoline].  0.25  g  methyl-betaine  6-(2*,4*-dinitro- 
anilino)-quinoline  and  1  ml  methyl  iodide  were  heated  for  1.5  hours  in  a  sealed  tube  at  125-130*.  A  c<^ious 
precipiute  of  orange  crystals  formed.  Excess  methyl  iodide  was  evaporated,  and  the  residue  dissolved  in  25  ml 
hot  water.  The  solution  was  filtered  and  1.5  g  potassium  iodide  added,  as  a  concentrated  solution,  to  the 
fUttate.  The  precipitate  which  separated  (0.30  g)  was  crystallized  from  methanol.  Orange  crystals  with  m.p. 
204-205*. 

Found  I  26.82.  CnHi504N4l.  Calculated  I  27.22. 
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Reaction  between  methyl-betaine*  6-methoxy-8-(p-toluenesulfonamido)-quinoline  and  methyl  iodide. 
0.40  g  methyl-betaine  6-methoxy-8-(p-toluenesulfonamido)-quinoline  and  1.5  g  methyl  iodide  were  heated  in 
a  sealed  tube  at  100*  f<x  1  houi.  Yield  0.35  g.  Bright  yellow  crystals  (from  methanol).  Melting  temperature 
was  in  the  190. 0-1 92. 5*  range,  depending  on  rate  of  heating;  a  mixed  melting  point  test  with  the  methyl  iodide 
salt  ixe pared  from  6-methoxy-8-(N-methyl-p-toluenesulfonamido)-quinoline  showed  no  depression. 

Found  <5b:  I  26.22.  Ci,H,jC)jN,SI.  Calculated  I  26.20. 

6 ^ethoxy -8-( N-methyl-p-toluenesulfonamido)-quinollne .  0.80  g  6-methoxy-8-(p-toluenesulfonamido)- 
quinoline  was  dissolved  in  5  ml  8‘)()  potassium  hydroxide  and  35  ml  water:  to  this  solution  1.5  ml  dimethyl 
sulfate  was  added  gradually  with  vigorous  agitation  together  with  enough  caustic  to  maintain  alkalinity.  At 
first  the  reaction  mixture  was  cooled  with  ice,  then  the  temperature  was  gradually  increased  to  15'^0*.  A 
yellowish-white  precipitate  amounting  to  0.68  g  formed.  After  cryitallization  from  benzine  and  from  a  mixture 
of  petroleum  ether  and  benzene,  the  reaction  product  was  a  white  crysulline  material,  m.p.  152.5-153*. 

Found  °lo'-  S  9.27.  Cx|Hi^|N|S.  Calculated  S  9.36. 

The  methyl  iodide  of  6-methoxy-8-(N^methyl'■p-toluenesulfonamido)-quinoline  was  prepared  in  poor 
yield  by  reaction  of  methyl  iodide  and  6-methoxy-8-(N-methyl*p-toluenesulfonamido)-quinollne  at  120*.  Better 
results  were  obtained  when  6’inethoxy-6-(N-methyl-p-toluenesulfonamldo)-<iuinollne  was  heated  with  excess 
dimethyl  sulfate  at  100-105*  for  conversion  into  methyl^ethoiulfate  and  the  latter,  by  reaction  with  potassium 
Iodide  in  aqueous  solution  transformed  Into  the  methyl  iodide  salt.  Bright  yellow  crystals  (from  methanol), 
m.p.  about  190-192*. 

Methylchlorlde  of  6-(N-benzoyli?-toluepe8ulfonamldo)-quinollne.  A  mixture  of  0.30  g  methyl-betaine 
6-(p-coluenesulfonamldo)-quinolliie  and  0.20  g  freshly  distilled  benzoyl  chloride  was  heated  on  an  oil  bath  at 
120-130*  for  1  hour.  The  prepared  material  was  washed  many  times  with  absolute  benzene.  Yield  0.41  g 
(90^).  White  crystals,  very  soluble  In  water,  soluble  in  alcohol.  Decomposition  temperature  approximately 
215*.  The  compound  was  readily  hydrolyzed  widi  the  splitting  off  of  a  benzoyl  group:  on  addition  of  aqueous 
ammonia  solution  to  the  material,  a  yellow  color  developed,  and  an  orange  crystalline  precipitate  of  the 
hydrate  of  methyl-betaine  6-(p-toluenesulfonamido)-quinoline  rapidly  separated. 

Found  S  7.09.  7.09.  C^Hul^OjSCl.  Calculated  “fc:  S  7.08. 

SUMMARY 

1.  Dipolar  Ions,  prepared  when  a  proton  is  deuched  from  the  NH-group,  readily  react  with  alkyl 
and  acyl  halides  to  form  quartenary  ammonium  salts  according  to  the  scheme: 


The  ease  of  reaction  is  dependent  on  the  nature  of  the  groups  attached  to  the  negative  N-atom. 

2.  Quartenary  ammonium  bases,  proposed  by  V.  M.  Rodionov  for  alkylation  of  compounds  containing 
hydroxy  groups,  may  also  be  used  for  alkylating  the  NH-group  of  aryl  sulfonamides. 
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STUDIES  ON  AMINOACIDS 


II.  CATALYTIC  REDUCTION  OF  ESTERS  OF  OXrMIDO-(ISONITROSO)-CARBOXYLIC  ACIDS 
S.  I.  Lurye,  G.  A.  Ravdel,  and  E.  S.  Chaman 


Carbonyl  and  oximido  groups  may  be  reduced  [1]  to  hydroxy  or  amino  groups,  respectively,  by  hydrogen 
in  presence  of  various  catalysts,  with  the  oximido  group  being  more  readily  reduced  than  the  carbonyl  group  [2], 

For  reduction  in  acid  solution,  palladium  or  platinum  are  used  as  catalysts;  in  neutral  solution  —  {>yioph(xric  nickel 
or  other  metals. 

The  present  paper  is  devoted  to  catalytic  reduction  reaction  studies  on  both  the  ethyl  ester  of  isonitrosoaceto- 
acetic  acid  and  the  diethyl  ester  of  isonitrosomalonic  acid  using  Raney  nickel. 

CHj-C-C-COOCjHj  CH1-CH-CH-COOQH5 

O  N-OH  OH  NH, 

In  as  much  as  isonitrosoacetoacetic  ester  contains  both  carbonyl  and  oximido  groups  in  its  molecule,  it 
was  quite  natural  to  hope  to  study  the  reduction  of  bodi  of  these  groups  together  at  one  stage.  To  this  en^,  tests 
were  made  and  we  found  it  was  possible,  in  neutral  medium,  to  reduce  both  the  oximido  and  the  carbonyl  groups 
at  the  same  time  by  performing  the  reaction  at  300  atm.  and  15-20  minutes.  a-Amino-d-hydroxybutyric  acid  was 
obtained  with  yield.  Under  milder  conditions,  instead  of  a-amino-B-hydroxybutyric  acid,  the  dorresponding 

pyrazine  was  obtained  [4],  this  ixoves  that  only  the  oximido  group  was  reduced  and  that  the  moleculet  of  the 
aminoacetoacetic  ester  which  formed  interact  with  one  another.  The  severe  conditions  required  for  reduction  of 
isonitrosoacetoacetic  ester  to  a -amino-B -hydroxybutyric  acid  in  neutral  solution, together  with  poor  yield,  compelled 
us  to  search  for  other  procedures  for  preparation  of  a-amino-B-hydroxybutyric  acid.  Best  results  were  obtained  by 
two-stage  reduction  of  isonitrosoacetoacetic  ester  [5]: 

CHjC-C-COOCjHj  CHj-Cj-CH-COOCjHs  CHiCH-CH-COOCjHs - ►CHrCH-CH-COOH 

0  N-OH  '  O  NHCOCH,  OH  NHCOCH,  OH  NH, 

it  was  first  reduced  to  N-acetamido-acetoacetic  ester  using  zinc  in  an  acetic  acid  solution  or  using  hydrogen  in  a 
mixture  of  acetic  acid  and  acetic  anhydride  in  ixresence  of  palladium  [6]:  the  N-aceumidoacetoacetic  ester  was 
then  reduced  in  neutral  medium  using  pyrophoric  nickel  to  form  the  ethyl  ester  of  N-acetamido-B -hydroxybutyric 
acid,  which  on  saponification  was  transformed  into  a-amino-B-hydroxybutyric  acid.  Overall  yield  of  a-amino-B- 
hydroxybutyric  acid  was  60-65*51)  of  theoretical. 

Our  experimental  studies  on  reduction  of  carbonyl  and  oximido  groups  showed  that  isonitrosoacetoacetic 
ester  could  be  directly  reduced  using  Raney  nickel  to  the  ester  of  N-acetamido-B 'hydroxybutyric  acid  in  one  stage, 
however  certain  necessary  conditions  must  be  maintained.  Ini  the  first  place,  an  acetylating  agent  must  be  present 
in  the  reaction  mixture  to  react  with  the  newly  formed  amino  group,  and  in  the  second  place,  the  pH  of  the 
mixture  must  be  4  5-5”,  this  is  very  important  for  maintaining  catalytic  activity  of  pyroi^oric  nickel.  These 
conditions  may  be  ixovided  by  using  acetic  anhydride  as  the  reaction  medium. 

By  reducing  isonitrosoacetoacetic  ester  with  hydrogen  in  acetic  anhydride  medium  with  Raney  nickel, 
we  were  able  to  prepare  a-amino-B-hydroxybutyric  acid  in  a  62 ‘jb yield.  When  the  oximido  group  is  reduced  to 
an  amino  group,  a  molecule  of  water  is  formed  which  produces  two  moles  of  acetic  acid  from  acetic  anhydride. 

In  addition,  a  mole  of  acetic  acid  is  formed  in  acetylating  the  amino  group  Accumulation  of  three  moles  of 
acetic  acid  changes  the  pH  of  the  medium,  and  this  interferes  with  the  normal  course  of  the  reduction  ixrocess. 
Sodium  acetate  was  added  to  minimize  the  effect  of  acetic  acid  on  the  reaction.  Under  these  conditions,  a- 
amino-B -hydroxybutyric  acid  was  obtained  with  a  72*5fc  yield  rather  than  a  62^yield.  Contrariwise,  by  addition 
of  a  known  excess  of  acetic  acid,  the  yield  of  a-amino-B-hydroxybutyric  acid  was  considerably  reduced,  at  least 
from  the  increased  quantity  of  acid  added. 


2065 


We  noticed  that  absorption  of  hydrogen  does  not  proceed  uniformly  in  reduction  of  isonitrosoacetoacetic 
ester.  The  first  two  moles  of  hydrogen  are  absorbed  rapidly  at  25-60*;  the  third  mole  is  absorbed  slowly  at  90-95*. 
This  phenomenon,  wholly  concordant  with  the  known  facts  about  the  differing  reduction  behavior  of  carbonyl 
and  oximido  groups,  is  indicative  of  the  two-stage  character  of  the  reduction  process.  In  order  to  ascertain  the 
reduction  conditions  in  both  of  these  stages  separately,  we  carried  out  the  process  of  ixreparing  a -amino-6 -hydroxy- 
butyric  acid  in  two  steps  in  an  acetic  anhydride  medium  usir^  the  identical  catalyst  (Raney  nickel).  Reduction 
of  isonitrosoacetoacetic  ester  at  20-25*  led  to  formation  of  N-acetamidoacetoacetic  ester  with  a  82-83||()  yield.  The 
latter  was  reduced  at  90-95*,  although  the  reaction  proceeded  slowly.  The  resulting  ethyl  ester  of  N-acetamido-6 - 
hydroxybutyric  acid  was  saponified,  and  a -amino-6 -hydroxy  butyric  acid  separated  with  a  yield  75.5'7oof  theoretical. 
We  were  thus  able  to  show  that  oximido  and  carbonyl  groups  could  be  reduced  in  a  medium  of  acetic  anhydride 
using  Raney  nickel,  during  which’  both  groups  could  be  reduced  separately  or  both  at  once. 

In  addition  to  reduction  of  the  ester  of  isonitrosoacetoacetic  acid,  we  investigated  reduction  of  the  diethyl 
ester  of  isonitrosomalonic  acid  in  an  acetic  anhydride  medium.  This  compound  is  usually  reduced  using  zinc  dust 
in  acetic  acid  [7]  or  by  hydrogen  in  alcoholic  medium  in  the  presence  of  Raney  nickel  or  palladium  [8].  In  both 
of  these  conditions,  the  diethyl  ester  of  aminomalonic  acid  becomes  acetylated.  Under  our  conditions  reduction 
directly  gives  the  diethyl  ester  of  N-acetamidomalonic  acid  with  a  yield  89-90*70  01  theoretical. 

We  extend  thanks  to  E.  M.  Elina,  S.  A.  Fuks,  E.  A.  Ignatyeva,  and  V.  V.  Ogurtsova  for  performing  the 
analyses. 

EXPERIMENTAL 

The  ethyl  ester  of  isonitroso-(oximido)-acetoacetic  acid  was  prepared  by  the  Adkins  method  [3].  Yield, 
after  crystallization  of  product  from  toluene,  was  73-75<7o  of  theoretical.  M.p.  58-59*.  Diethyl  ester  of  isonitroso- 
(oximido)^alonic  acid  was  prepared  according  to  a  patent  [7]. 

1.  Reduction  of  isonitrosoacetoacetic  acid  ethyl  ester.  31.8  g  ethyl  ester  of  isonitrosoacetoacetic  acid, 

4.5  g  freshly  fused  sodium  acetate,  5  g  pyrophoric  Raney  nickel,  and  60  ml  acetic  anhydride  were  reduced  in  an 
autoclave,  with  agitation,  at  an  initial  pressure  of  68-70  atm.  The  reaction  was  initiated  at  15-20*  and  the 
temperature  gradually  brought  to  55*  in  1-1.5  hours,  during  this  time  12-14  liters  of  hydrogen  were  absorbed. 
Subsequent  absorption  of  the  last  4-6  liters  of  hydrogen  took  place  slowly  in  3-4  hours  at  95-97*.  At  the  end  of 
hydrogen  absorption,  the  autoclave  was  cooled  and  the  reaction  mixture  dumped  and  filtered:  the  catalyst  was 
washed  with  alcohol,  the  washings  added  to  the  main  filtrate  and  evaporated  to  dryness  under  vacuum.  The 
residue  was  then  boiled  with  100  ml  cone,  hydrochloric  acid  for  4  hours,  it  was  boiled  with  carbon  for  the  last 
0.5  hour.  The  hot  solution  was  filtered  and  evaporated  under  vacuum:  after  vaporization  of  the  acid,  the 
residue  was  twice  taken  up  with  water  and  evaporated  to  dryness  under  vacuum.  The  dry  residue  was  extracted 
with  120  ml  hot  alcohol  and  diethylamine  or  aniline  added  in  small  portions  to  the  still  warm  filtered  solution 
until  neutral  to  bromothymol-blue.  It  was  allowed  to  stand  and  was  filtered  the  next  day.  The  crude  a -amino-6 - 
hydroxybutyric  acid  was  dissolved  in  2.5  times  its  volume  of  water  and  precipitated  by  four  volumes  of  alcohol 
(based  on  the  water).  Yield  72*70.  M.p.  228-229*.  The  a -amino-6 -hydroxybutyric  acid  prepared  by  this  procedure 
contained  21‘5fc  threonme  and  79*70  allothreonine  (microbiological  analysis). 

Found  <7):  C  40.39;  H  7.54:  N  11.94.  C4H90iN.  Calculated  <7o:  C  40.31;  H  7.62:  N  11.76. 


Reduction  of  isonitrosoacetoacetic  ester  without  sodium  acetate  gave  a -amino-6 -hydroxybutyric  acid  with 
a  yield  62*7©  of  theoretical. 

2.  Preparation  of  N-acetamidoacetoacetic  acid  ethyl  ester.  31.8  g  isonitrosoacetoacetic  acid  ethyl  ester, 

60  ml  acetic  anhydride,  and  5  g  Raney  nickel  were  reduced  with  hydrogen  in  an  autoclave  at  21-25*  with  an  initial 
pressure  of  55-60  atm.  The  required  quantity  of  hydrogen  was  absorbed  in  4  hours.  Reaction  mass  was  removed 
from  the  autoclave  and  filtered.  The  catalyst  was  washed  on  the  filter  with  water.  Filtrate  was  diluted  with  250  ml 
water  and  extracted  several  times  with  chloroform.  The  chloroform  extracts  were  combined,  washed  twice  with 
small  quantities  of  water,  dried  and  distilled.  The  oily  residue  was  dried  under  vacuum  at  60-80*  (bath  temperature). 
On  cooling,  the  entire  mass  crystallized.  It  was  triturated  with  a  small  amount  of  petroleum  ether  and  pressed  out 
on  a  funnel;  melting  point  of  the  ethyl  ester  of  N-acetamidoacetoacetic  acid  was  43-45*.  A  test  mixture  with  the 
etfiyl  ester  of  N-acetamidoacetoacetic  acid  prepared  by  reduction  with  zinc  ,  melted  without  depression.  Yield 
82.8‘7>  of  theoretical. 


3.  Reduction  of  N-acetamidoacetoacetic  acid  ethyl  ester.  37.4  g  N-acetamidoacetoacetic  acid  ethyl 
ester,  60  ml  acetic  anhydride,  4.5  g  freshly  fused  sodium  acetate,  and  5  g  Raney  nickel  were  charged  into  an 
autoclave  and  reduced  with  hydrogen  using  an  initial  pressure  of  77  atm.  Temperature  slowly  increased  to 


2066 


85-90*,  and  at  this  temperature  the  necessary  quantity  of  hydrogen  was  absorbed  in  a  7-8  hour  period.  At  the 
end  of  the  reaction,  the  mass  was  dumped,  filtered,  and  the  catalyst  washed  with  100-120  ml  of  alcohol.  TThe 
alcohol  washrngs  were  combired  with  the  main  filtrate  and  the  whole  taken  to  dryness  under  vacuum.  The 
residue  was  treated  with  100  ml  cone,  hydrochloric  acid  and  boiled  for  4  hours  for  the  last  0.5  hour  with  activated 
carbon.  It  was  filtered  and  the  filtrate  evaporated  to  dryness  under  vacuum;  it  was  twice  more  taken  up  with 
water  and  evaporated  to  dryness  each  time.  The  residue  was  then  dissolved  in  100  ml  boiling  alcohol,  the  solution 
filtered,  the  sodium  chloride  residue  on  the  filter  was  washed  with  30  ml  alcohol  and  the  washing  added  to  the  main 
filtrate,  and  to  the  still  warm  alcohol  solution  diethylamine  or  aniline  was  gradually  added  (bromothymol-blue 
indicator).  The  mixture  was  permitted  to  stand  for  20  hours,  filtered,  and  the  residue  washed  with  alcohol  and 
dried.  For  purification  it  was  dissolved  in  twice  its  volume  of  water  and  precipitated  by  4  times  this  quantity  of 
alcohol.  The  melting  point  of  a -amino-0 -t  ydroxybutyiic  acid  was  228-229*.  Yield  75.5<5t  of  theoretical. 

Found  C  40.12;  H  7.60;  N  11.62.  C4H^,N.  Calculated  C  40.31;  H  7.62,  N  11.76. 

4.  Reduction  of  N-acetamidoacetoacetlc  ester  under  the  conditions  of  Experiment  3  but  without  sodium 
acetate  gave  a -amino-0 -hydroxybutyric  acid  with  a  yield  62®lfc  of  theoretical. 

5.  Reduction  of  N-acetamidoacetoacetic  ester  in  presence  of  acetic  acid.  The  reaction  was  run  under 
conditions  of  Experiment  3,  but  34.3  ml  acetic  acid  was  used  in  place  of  sodium  acetate.  Yield  of  a-amino-0- 
hydroxybutyilc  acid  was  34.4  ojo.  Yield  of  a -amino-0 -hydroxybutyric  acid  was  reduced  to  24“^  of  theoretical 
by  addiaon  of  60  ml  glacial  acetic  acid. 

6.  Diethyl  ester  of  N-acetamidomalonic  acid.  105.75  g  diethyl  ester  of  isonitrosomalonic  acid,  170  ml 
acetic  anhydride,  and  15  g  Raney  nickel  were  charged  into  an  autoclave  and  reduced  with  an  initial  pressure  of 
70-80  atm.  at  19*;  the  temperature  gradually  increased  to  73*.  The  reduction  reaction  took  place  in  1-1.5  hours. 
Quantity  of  hydrogen  absorbed  was  somewhat  greater  than  theoretical.  The  autoclave  was  gradually  cooled 
and  the  reaction  mass  removed  and  filtered.  The  catalyst  was  repeatedly  washed  with  alcohol  and  then  with 
water.  The  main  filtrate,  the  alcoholic  washings,  the  alcohol  with  which  the  autoclave  was  rinsed,  and  the 
water  washings  were  all  combined  and  evaporated  to  dtyness  under  vacuum.  The  residue  was  carefully  triturated 
with  c  aibon  tetrachloride  and  filtered.  It  was  washed  once  on  the  filter  with  carbon  tettachloride.  We  obtained 
109  g  diethyl  ester  of  N-acetamido-malomc  acid  (5  g  of  this  were  seprarated  from  the  carbon  tetrachloride),  i.e., 

89. 7‘5fc  of  theoretical.  Mp.  94-96*. 

Found  C  49.72;  H  6.79;  N  6.48.  CjHisOgN.  Calculated  <55»:  C  49.74;  H  6.96;  N  6.45. 

SUMMARY 

It  was  shown  that  esters  of  isonitroso-(oximido)-carboxylic  and  ketocarboxylic  acids  can  be  reduced  to 
the  correspondii^  N-acetamidocarboxylic  and  N-acetamidohydroxycarboxylic  esters  using  hydrogen  with  Raney 
nickel  in  an  acetic  anhydride  medium. 
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SYNTHESIS  OF  SEVERAL  DERIVATIVES  OF  P  A  RA  A  MINO  S  A  LIC  YLIC  ACID 


E.  S.  Golombik  and  M.  N.  Shchukina 


_p-Aminosalicylic  acid  has  acquired  great  interest  at  present  as  an  anti-tubercular  drug.  However,  it  has  an 
inherent  shortcoming— the  property  of  rapid  elimination  from  the  organism,  in  consequence  of  which  large  doses, 
aggregating  18-20  g  per  day  and  up  to  1  kg  per  course  of  therapy,  are  used  for  medical  treatment  of  tubercular 
patients.  The  development  of  compounds  having  the  same  therapeutic  activity  as  p-aminosalicylic  acid  but 
which  would  be  more  slowly  eliminated  from  the  organism  is  very  important.  It  was  natural  to  suppose  these 
requirements  could  be  satisfactorily  met  by  using  certain  derivatives  of  p-aminosalicylic  acid,  among  which  it 
was  fully  probable  that  substances  could  be  found  having  suitable  therapeutic  behavior  with  respect  to  hydrolysis 
and  other  physico-chemical  pop)erties  and  which  would  be  more  slowly  eliminated  from  the  organism. 

According  to  available  literature  [1,2]  a  number  of  p-aminosalicylic  acid  derivatives  ’showed  anti-tuber- 
cular  activity  in  vitro;  those  derivatives  which  could  readily  hydrolyze  to  it  showed  activity  most  similar  to  ' 
p-aminosalicylic  acid.However,  none  of  the  compounds  of  this  type  exceeded  ^aminosalicylic  acid  with  regard 
to  activity  in  vitro  [2].  Based  on  this,  the  question  was  raised  as  to  whether  bacteriostatic  activity  of  derivatives 
of  p>^minosalicylic  acid  was  dependent  on  their  hydrolysis  in  the  organism.  Data  [3]  published  in  the  past  year 
on  the  high  mbercularstatic  activity  of  p-aminosalicylic  acid  phenyl  ester,  both  in  tests  in  vitro  and  in  expriments 
on  mice,  led  us  to  conclude  that  the  activity  of  this  and  possibly  other  derivatives  of  p-aminosalicylic  acid  was 
manifested  by  the  substance  as  a  whole  and  not  by  its  hydrolysis  product  -  p-aminosalicylic  acid. 

In  the  pesent  paper  we  describe  the  peparation  and  chemical  properties  of:  several  N-acyl  derivatives 
of  p-aminosalicylic  acid  and  their  esters:  N-carbalkoxy  substituted  p-aminosalicylic  acids  and  their  esters: 
[bis-(4-carbethoxy-3-hydroxyi;rtienylamino)]-methane  (I);  and  [bis-(4-carbethoxy-3-hydroxyphenyl)]-urea  (II). 

OOCgHj,  CjHbCXX:— 

*  (I)  (D) 

As  a  starting  material  for  peparation  of  derivatives  of_p-amiiK>salicylic  acid  we  peferred  to  use  its 
esters,  because  the  acid  is  unstable  and  readily  splits  out  carbon  dioxide,  particularly  in  acid  media,  and  in 
many  cases  readily  becomes  tarry. 

A  convenient  method  for  peparation  of_p-aminosalicylic  acid  esters  is  catalytic  reduction,  in  pesence 
of  skeletal  nickel  catalyst,  of  the  corresix>nding  ester  of  pwiitrosalicylic  acid,  esterification  of  which  latter  is 
readily  p>erformed  using  alcohol  in  pesence  of  sulfuric  acid  [4].  Esters  of  p-aminosalicylic  acid  may  also  be 
prepared  directly  by  esterification  of  the  acid  with  alcohol  in  pesence  of  excess  sulfuric  acid  [5].  The  p>henyl 
ester  of  p-aminosalicylic  acid,  the  synthesis  of  which  has  not  been  pmblished,  was  prepared  by  us  by  reduction, 
in  presence  of  skeletal  nickel  catalyst,  of  the  phenyl  ester  of  p>-nitrosalicylic  acid.  This  latter  was  synthesized 
by  two  mediods:  1)  by  action  of  p^osp)horoiES  oxychloride  on  a  melt  of  equimolar  quantities  of_p-aitrosalicylic 
acid  and  phenol  with  subsequent  heating  of  the  mixture  at  120-130*:  2)  boiling  in  a  xylene  solution  a  mixtpe 
of  equimolar  quantities  of  p^trosalicylic  acid  and  phenol  in  presence  of  p)hosp>horous  p>entachloride  [6].  The 
first  method  was  the  more  suitable,  and  we  were  able  to  prep>are  the  final  product  with  a  yield  about  b'f’Jo  of 
theoretical 

The  N-acyl  derivatives  were  prepared  by  usual  methods  —  by  action  .of  acid  chlorides  on  a  solution  of 
pvaminosalicylic  add  in  pyridine.  The  methylene-bis-ethyl  ester  was  synthesized  by  condensation  of  p>-amino- 
salicylic  acid  ethyl  ester  with  formalin  in  an  alcoholic  medium.  Attempts  to  prepare  methylene-bis-p-amino- 
salicylic  acid  by  condensation  of  p>-aminosalicylic  acid  with  formalin  or  by  sap»nification  of  its  methylene- 
bis-ethyl  ester  led  to  formation  of  colored  substances,  which  did  not  melt  on  heating  to  350*,  were  readily 
decarboxylated,  and  could  not  be  purified.  Analytical  data  on  these  substances  does  not  p>ermit  us  to  judge 
their  stmcture. 


C,HgOOC— /  — NH-CH,-NH— 


[Bis-(4-carbethoxy-Q-hydroxyphenyl)]-urea  was  prepared  by  two  methods:  1)  condensation  of  p-amitvo- 
salicylic  acid  ethyl  ester  with  urea  at  140-160*;  yield  about  Z&’Jo  of  theoretical  [7]{  2)  by  reaction  of  phosgene 
with  p-aminosalicylic  acid  ethyl  ester  dissolved  in  boiling  benzene  or  chloroform;  yield  of  theoretical. 
Reaction  temperature  was  quite  important  here  —  only  the  hydrochloric  acid  salt  of  p-aminosalicylic  acid 
etfiyl  ester  was  separated  when  heating  was  at  40-50*. 

The  urethanes  of  p-amincKalicylic  acid  and  its  esters  were  prepared  by  reaction  with  the  ccHresponding 
chlorocarbonic  esters.  It  was  most  satisfactory  to  carry  out  this  reaction  in  a  benzene  solution  in  presence  of 
dimethyianiline.  Under  this  condition  almost  pure  materials  were  prepared  in  large  yield,  approaching  in 
some  cases  29Plo  of  thetxetical.  Performing  this  reaction  in  an  alcc^olic  solution  in  ivesence  of  sodium  ethylate 
[8]  led  to  separation  of  the  corresponding  urethane  with  a  yield  which  did  not  exceed  50^  of  theoretical. 

EXPERIMENTAL 

1.  N-Hendecenoyl-p-aminosallcylic  acid.  To  a  solution  of  3  g  p-aminosalicylic  acid  in  30  ml  dry 
pyridine  we  added  4  g  hendecenoyl  chloride  dropwise  with  cooling.  The  solution  obtained  was  then  heated 
for  3  hours  at  40-60*.  After  evaporation  of  the  pyridine  in  vacuum,  the  residue  was  poured  into  water;  in 
order  to  remove  unreacted  acid  chloride  the  water  solution  was  extracted  with  ether  and  treated  with  acetic 
acid  until  acid  to  litmus.  The  separated  oil  was  extracted  with  ether,  washed  with  water  and  dried  over  calcined 
sodium  sulfate.  The  solvent  was  removed,  and  the  residue  which  was  an  oily  readily  crystallizable  material 
purified  by  recrystallization  horn  ethyl  acetate. 

We  obtained  6  g  {W’h  of  theory)  N-hendecenoyl ^aminosalicylic  acid  in  the  form  of  colorless  platelets; 
m.p.  176*  with  decomposition;  readily  soluble  in  alcohol,  ether,  acetone,  and  benzene;  insoluble  in  petroleum 
ether  and  water.  It  gave  a  violet  color  with  ferric  chloride  in  alcohol  solution. 

3.839  mg  substance:  9.485  mg  CO|;  2.690  mg  H|0.  3.591  mg  substance:  8.890  mg  CO|i  2.500  mg 

HjO.  7.045  mg  substance:  0.280  ml  Nj  (20*,  737  mm).  Found  °lo:  C  67.38,  67.52;  H  7.84,  7.79; 

N  4.49.  CijHjsO^N.  Calculated  C  67.71;  H  7.85;  N  4.39. 

2.  N-Hendecanoyl-p-aminosalicylic  acid  was  prepared  in  the  same  manner  as  N-hendecenoyl-p-amino- 
salicylic  acid.  The  yield  was  10  g  (95. 3‘^  of  theoretical)  from  5  g ^-aminosalicylic  acid.  Colorless  crystals, 
m.p.  183-184*  with  decomposition,  readily  soluble  in  alcohol,  acetone,  and  chloroform;  less  soluble  in  benzene 
and  ether;  and  insoluble  in  water.  It  gave  a  violet  color  with  ferric  chloride  in  alcoholic  solution. 

3.868  mg  substance:  9.513  mg  COj:  2.884  mg  H^O.  8.300  mg  substance:  0.335  ml  N|  (21.5”,  718  mm). 

Found  C  67.07;  H  8.34;  N  4.42.  Ci,H,704N.  Calculated  <5b:  C  67.29;  H  8.41;  N  4.36. 

3.  Isoamyl  ester  of  p-nitrosalicylic  acid.  A  solution  of  25  g  p-nitrosalicylic  acid  and  10  ml  concentrated 
sulfuric  acid  in  200  ml  dry  isoamyl  alcohol  was  boiled  for  24  hours.  After  evaporating  excess  alcohol  under 
vacuum,  the  residue  was  poured  into  water.  The  dark-colored  oil  which  separated  was  extracted  with  ether, 
washed  with  water  and  with  a  saturated  solution  of  sodium  bicarbonate,  dried  over  calcined  sodium  sulfate, 

and  distilled.  22  g  yield  (63.7%  of  theoretical).  Thick,  pale  yellow  liquid,  b.p.  155*  at  0.6  mm,  readily 
soluble  in  most  organic  solvents,  insoluble  in  water. 

4.  Isoamyl  ester  of  p-aminosalicylic  acid.*  A  solution  of  22  g  p-nitrosalicylic  acid  iso  amyl  ester  in 
200  ml  alcohol  was  agitated  in  a  hydrogen  atmosphere  in  presence  of  2  g  nickel  catalyst  paste  at  50-60*  and 
15  atm.  The  calculated  quantity  of  hydrogen  was  absorbed  in  30-45  minutes.  After  cooling,  the  solution  was 
filtered  and  concentrated  under  vacuum,  and  the  residue  poured  into  water.  The  almost  colorless  crystals 
which  formed  were  separated  and  recrystallized  from  50%  aqueous  alcohol.  Yield  15  g,  which  corresponds  to 
77.5%  of  theoretical.  The  substance  formed  colorless  rhombic  flakes,  m.p.  79-80*,  readily  soluble  in  most 
organic  solvents. 

3.682  mg  substance:  8.738  mg  COj;  2.408  fng  HjO.  6.890  mg  substance:  0.389  ml  N2  (21.5*,  732  mm). 

Found  %:  C  64.72;  H  7.32;  N  6.30.  CjiHitOjN.  Calculated  %:  C  64.57;  H  7.62;  N  6.28. 

5.  Phenyl  ester  of  p-nitrosalicylic  acid,  a)  A  suspension  of  9.2  g  p-niuosalicylic  acid  (1  mole),  4.7  g 
phenol  (1  mole)  and  3.7  g  i^osphorous  pentachloride  (0.35  mole)  in  100  ml  absolute  xylene  was  heated  at  90* 
fcH  30  minutes,  and  then  for  1.5-2  hours  at  120-130*  untU  liberation  of  hydrogen  chloride  ended.  The  reaction 


*  Using  this  method,  we  prepared  the  ethyl,  isopropyl,  and  isobutyl  esters  of  p-aminosalicylic  acid. 
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mixture  remained  homogeneous  during  heating.  At  the  end  of  the  reaction,  xylene  was  vaporized  under  vacuum,  || 

and  the  oily  residue  treated  with  a  saturated  aqueous  solution  of  sodium  bicarbonate.  The  crystals  were  separated,  ■' 

dried,  and  recrystallized  from  acetic  acid.  From  the  sodium  bicarbonate  solution  we  recovered  3  g  £-nitrosali- 

*  cylic  acid.  The  yield  of  j-nitrosalicylic  acid  phenyl  ester  was  3.5  g  (39.8'^  of  theoretical).  Pale  yellow  crystals,  ' 

m.p.  148-149*;  readily  soluble  in  chloroform,  acetone,  ethyl  acetate,  and  dioxane;  poorly  soluble  in  alcohol  and 

ether;  insoluble  in  water  and  bicarbonate  solution.  It  gave  a  violet  color  with  ferric  chloride  in  acetone  solution. 

5.049  mg  substance:  11.151  mg  CO*;  1.632  mg  HgO.  7.215  mg  substance:  0.342  ml  Nj  (26*,  738.3  mm). 

Found  ojo'.  C  60.23;  H  3.62;  N  5.29.  CyH^sN.  Calculated  ojoi  C  60.23;  H  3.48;  N  5.41. 

*  b)  A  carefully  ground  mixtute  of  2  g  £-nitrosalicylic  acid  (1  mole)  and  1  g  phenol  (1  mole)  was  melted 
at  140*.  The  melt  was  cooled  to  100*  and  0.8  g  (about  0.^  mole)  phosphorous  oxychloride  added:  the  mixture 
was  then  heated  at  120-130*  for  2-3  hours  until  evolution  of  hydrogen  chloride  ceased.  The  mixture  remained 
liquid  during  heating.  After  cooling,  the  dark-coloeed  melt  was  triturated  with  water  and  heated  to  50*  widi  a 
solution  of  sodium  bicarbonate;  the  precipitate  which  formed  was  filtered  and  recrystallized  from  acetic  acid. 

We  obtained  1.6  g  (56.5*^  of  thearetical)2^’-itrosalicylic  acid  phenyl  ester,  m.p.  148-149*. 

6.  Reduction  of  p-nitrosalicylic  acid  phenyl  ester.  A  solution  of  3  g  p-nitrosalicylic  acid  phenyl  ester 

in  50  ml  ethyl  acetate  was  agitated  in  a  hydrogen  atmosphere  Ln  i*esence  of  0.3  g  skeletal  nickel  catalyst  at  i 

50-60*  and  20  atm.  After  30  minutes  the  calculated  quantity  of  hydrogen  had  been  absorbed.  After  removal  ' 

of  catalyst,  the  solution  was  decolorized  with  carbon  and  sodium  hydrosulfite,  the  solvent  evaporated  under 
vacuum,  and  the  residue  crystallized  from  ethyl  alcohol,  yield  of  p-aminosalicylic  acid  phenyl  ester  was  1.85 
g  (69.8*55)  of  theoretical).  Colorless  needles,  m.p.  147-148.5*,  readily  soluble  in  most  organic  solvents  and 

insoluble  in  water.  A  mixed  test  with  the  initial  p^iitrosalicylic  acid  phenyl  ester  melted  at  115*.  *  i 

3.218  mg  substance:  8.089  mg  CO|;  1.471  mg  HgO.  7.815  mg  substance:  0.423  ml  Nj  (20*,  741.2  mm).  i 

Found  C  68.55;  H5.11;  n  6.24.  CijHuOjN.  Calculated  ojo:  C  68.12;  H  4.80;  N  6.11. 

7.  [Bis-(4-catbethoxy-3-hydroxyphenyl)]-methane.  We  added  5  nil  36.2*5!)  aqueous  formalin  solution,  with  j 

stirring,  to  a  solution  of  3  g  p-aminosalicylic  acid  ethyl  ester  (m.p.  115*)  in  15  ml  ethyl  alcohol  heated  at  50*.  j 

In  several  minutes  a  colorless  precipitate  formed,  which  was  separated,  washed  with  small  portions  of  alcohol, 

and  dried  in  a  vacuum  dessicator.  Yield  2.8  g  (90.3*5!)  of  theoretical).  Colarle^  crystals,  m.p.  180-182*;  readily 
soluble  in  benzene,  ether,  and  acetone;  poorly  soluble  in  ethyl  acetate,  chloroform,  and  alcohol;  and  insoluble 
in  water.  It  crystallized  from  dioxane,  but  its  melting  point  then  fell  to  164*.  Consequently  ihe  prepared 
material  was  analyzed  without  adequate  purification.  It  gave  a  color  reaction  with  ferric  chloride. 

3.701  mg  substance:  8.273  mg  CO^;  1.919  mg  HjO.  6.775  mg  substance:  0.471  ml  (27.5*,  725  mm). 

*  Found  *^;  C  60.96;  H  5.80;  N  7.52.  Ci9H2jO,%  Calculated  *5!):  C  60.96;  H  5.88;  N  7.49. 

8.  [Bis-i(4-carbethoxy-3-hydroxyphenyl)]-uiea.  a)  A  mixture  of  1.8  g_p-aminosalicylic  acid  ethyl  ester  ! 

(2  moles)  and  0.3  g  urea  (1  mole)  was  heated  at  140-160*  for  a  period  of  10  hours  until  evolution  of  ammonia 

ceased.  After  cooling  the  colored  melt  was  ground  up  with  alcohiol.  The  separated  precipitate,  after  repeated  } 

recrystallization  from  alcohol  using  activated  carbon,  fc»med  colcHrless  needle?  m.p.  215-216*.  Yield  0.7  g 
^  (36.2%  of  theoretical);  the  substance  was  readily  soluble  in  dioxane  and  acetone,  pocvly  soluble  in  benzene, 

chloroform,  ethyl  acetate,  and  ether.  A  positive  test  was  obtained  for  the  phenolic  hydroxyl  group  using  ferric  i 

chloride. 

3.494  mg  substance:  7.530  mg  COj;  1.610  mg  HgO.  8.305  mg  substance:  0.574  ml  Mg  (25.5*,  720  mm).  j 

Found*)!):  C  58.77;  H  5.15;  N  7.58.  CijHggOjNg.  Calculated  *5!):  C  58.76;  H  5.15;  N  7.22. 

b)  To  a  solution  of  1.8  g  p-aminosalicylic  acid  ethyl  ester  in  20  ml  absolute  benzene  (or  chloroform) 
we  added  4  ml  of  a  25*5!)  solution  of  phosgene  in  absolute  benzene.  A  precipitate  formed  immediately.  The 
reaction  mixture  was  boiled  for  2  hours:  on  cooling  the  residue  was  separated,  washed  with  ether  and  recry¬ 
stallized  from  alcohol.  We  obtained  1.8  g  [bis-(4-carbethoxy-3-hydroxyphenyl)]-urea  in  the  form  of  colorless 
needles  melting  at  215*.  A  mixed  melting  point  test  with  a  sample  of  material  prepared  in  the  ixevious  experi¬ 
ment  showed  no  deixession.  Yield  was  93.2*5!)  of  theoretical. 

^  94  N-Carbethoxy^-aminosalicylic  acid.  To  a  vigorously  agitated  suspension  of  3  g  p-aminosalicylic  acid 

in  20  ml  absolute  alcohol  at  10-15*,  we  added  2.2  g  ethyl  chlorocarbonate  and  a  solution  of  sodium  ethylate  (1.5  g 
sodium  in  40  ml  absolute  alccrfiol).  The  reaction  mixture  was  then  heated  for  1  hour  at  40-50*  and  diluted  with 
'  water  on  cooling.  The  aqueous  solution  was  neutralized  with  10*5!)  hydrochlcaic  acid.  The  ixecipitate  was  separated 
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and  recrystallized  from  50^  aqueous  alcohol  with  use  of  actiwted  carbon.  Yield  2.2  g  (50^  of  theoretical).  The 
substance  formed  colorless  needles,  m.p.  210*;  readily  soluble  in  alcohols,  ether,  ethyl  acetate,  and  acetone:  less 
soluble  in  benzene  and  petroleum  ether;  and  insoluble  in  water.  In  alcohol  solution  it  gave  a  violet  color  with 
ferric  chloride, 

3.594  mg  substance;  7.044  mg  CO,;  1.619  mg  H|0.  8.700  mg  substance;  0.500  ml  N,  (23*.  733  mm). 

Found  ojo-  C  53.45;  H  5.04;  N  6.39.  CjjHuOgN.  Calculated  %  C  53.34;  H  4.89;  N  6.22. 

10.  N-Carbeihoxy^>-aminosalicylic  acid  ethyl  ester,  a)  To  a  solution  of  3.6  g  (1  mole) ^-aminosalicylic 
acid  ethyl  ester  in  40  ml  absolute  ethyl  alcohol,  agitated  and  cooled  to  5*,  we  gradually  added  2.2  g  (1  mole) 
ethyl  chlorocarbonate  and  a  solution  of  sodium  alcoholate  (0.7  g  sodium  in  30  ml  absolute  alcohol).  The  latter 
was  added  at  such  a  rate  that  the  tempetarore  did  not  exceed  15*.  The  reaction  mass  was  then  stirred  for  2  hours 
at  room  temperature,  sodium  chloride  separated,  excess  alcohol  evaporated  under  vacuum,  and  the  residue  tecry- 
stallized  from  alcohol.  The  ethyl  ester  of  N-carbethoxy-p-aminosalicylic  acid  was  prepared  in  the  form  of 
colorless  prisms,  m.p.  149-151“;  readily  soluble  in  acetone  and  ethyl  acetate,  moderately  soluble  in  alcohols, 
less  soluble  in  benzene  and  ether,  and  insoluble  in  water.  Yield  1.7  g,  corresponds  to  33.8<1^  of  theoretical.  A 
positive  test  was  obtained  for  the  irfienolic  hydroxyl  group  using  ferric  cnloride. 

3.648  mg  substance:  7.644  mg  CO^;  1.908  mg  H,0.  6.845  mg  substance;  0.344  ml  N,  (23*,  727  mm). 

Found  C  56.59;  H  5.79;  N  5.54.  Cj,H»C%N.  Calculated  °lo-  C  56.92;  H  5.93;  N  5.53. 

11.  N-Caibethoxy-p-aminosalicyiic  acid  isobutyl  ester  was  prepared  in  the  same  way  as  N-carbethoxy^ 
aminosalicylic  acid  ethyl  ester.  Because  the  substance  was  soluble  in  benzene,  it  was  separated  in  the  following 
manner:  the  reacticwi  mixture  was  treated  with  a  5^  hydrochloric  acid  solution  fc»:  removal  of  excess  dimethyl 
aniline,  washed  with  water,  and  dried  over  calcined  sodium  sulfate.  The  residue  after  removal  of  solvent  was 
recrystallized  from  ethyl  alctrfiol.  From  1.1  g  p-aminosalicylic  acid  isobutyl  ester  we  obtained  1,4  g  (94.5*^ 

of  theoretical)  N-carbethoxy-p-aminosalicylic  acid  isobutyl  ester  as  colorless  octahedral  needles,  m.p.  132-134* 
(from  alcohol):  readily  soluble  in  most  organic  solvents,  insoluble  in  water;  it  gave  a  color  reaction  with  ferric 
chloride  in  alcoholic  solution. 

4.618  mg  substance:  10.099  mg  CO^:  2.839  mg  1^0.  Found  C  59.64;  H  6.87.  C|4H,,C%N. 

Calculated  C  59.79;  H  6.76. 

12.  N-Carbethoxy-p-aminosalicylic  acid  isopropyl  ester  was  prepared  similarly  to  the  foregoing. 

Yield  1.3  g,  which  corresponds  to  94.8%  of  therxetical.  The  substance  formed  colorless  pyramids,  m.p, 

143-145*  (from  alcohol);  readily  soluble  in  acetone,  benzene,  and  alcohol:  insoluble  in  ether,  petroleum 
edier,  and  water;  it  gave  an  intense  violet  color  with  ferric  chloride. 

3.540  mg  subsunce:  7.598  mg  CO*;  2.089  mg  H,0.  Found  %:  C  58.54;  H  6.60.  CuHoOgN. 

Calculated  %:  C  58.43;  H  6.37. 

13.  The  isobutyl  ester  of  N-caibisobatoxy-p-aminosalicylic  acid  was  prepared  in  the  same  way  as  was 
the  previous  ester.  Yield  77.5%  of  theoretical.  Colorless  rhombic  flakes  (from  hexane),  m.p.  65-67*;  readily 
soluble  in  nwst  organic  solvents  and  insoluble  in  water;  it  gave  an  intense  violet  color  with  ferric  chloride. 

4.268  mg  substance:  9.770  mg  CO,;  2.968  mg  H,0.  Found  %:  C  62.43;  H  7.78.  CicHaOjN. 

Calculated  %:  C  62.14;  H  7.44. 

14.  The  isobutyl  ester  of  N-carbisofSopoxy-p-aminosalicylic  acid  was  prepared  in  the  same  manner 
as  the  previous  esters  with  a  yield  95%  of  theoretical.  It  formed  cubic  prisms  (from  petroleum  ether,  45-65* 
fraction),  m.p.  72-74*;  readily  soluble  in  most  organic  solvents,  insoluble  in  water. 

3.928  mg  substance:  8.770  mg  COj;  2.530  mg  HgO.  Found  %:  C  60.89;  H  7.21.  C|,H,|05N.  Calculated 

%:  C  61.02;  H  7.12. 

15.  The  isopropyl  ester  of  N-carbisopropoxy-p-aminosalicylic  acid  was  prepared  in  the  same  manner. 

Yield  1.40  g,  corresponding  to  97.1%  of  theoretical.  ColMless  cubic  iKisms  with  m.p.  90-92*  (from  hexane); 
readily  soluble  in  most  (xganic  solvents  and  insoluble  in  water. 

4.580  mg  substance:  10.068  mg  CO,;  2.767  mg  1^0.  Found  %:  C  59.95;  H  6.76.  Ci4Hi,06N. 

Calculated  %:  C  59.79;  H  6.76. 
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16.  Th*  isopropyl  oter  of  N-carbitobuttMcy-psunipotallcylic  acid  was  piepaied  in  the  veiy  seme  way  as 
the  previous  ester.  The  yield  was  of  theoretical.  CcAocleu  Aakes  widi  m.p.  77*79*  (from  hexane):  readily 
soluble  in  most  organic  solvenu  and  insoluble  in  water. 

3.690  mg  substance:  8.302  mg  CO^:  2.400  mg  H|0.  Found  %:  C  61.36:  H  7.28.  CkHuO^N. 

CalcuUted  %:  C  61.02:  H  7.12. 

SUMMARY 

A  series  of  derivatives  of  p-aminosalicylic  hat  been  tyndietized  namely:  its  esters,  N’carbalkoxy-p* 
aminosalicylic  acids  and  dieir  eMm,  Nnacyl^-aminoulicylic  acids,  (bis-f4*carbedioxy*3'hydtoxyphenyl)]^ 
uiea,  and  [bit*(4-cari>e6ioxy-3*hydroxyphenylamino)]*me6iane. 
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SYNTHESIS  OF  HOMOLOGS  OF  PARA  AMINOSALICYLIC  ACID 


M.  N.  Shchukina,  Yu.  V.  Maikova,  and  A.  M.  Pozhartkaya 

In  the  comparatively  short  time  since  discovery  of  the  antitubercular  activity  of  ^-aminosalicylic  acid, 
a  large  number  of  studies  have  been  made  on  synthesis  and  biological  investigation  of  ms^ny  of  its  derivatives 
and  analogs.  However,  homologs  of  £-aminosalicylic  acid  containing  an  alkyl  group  on  the  aromatic  nucleus 
have  not  been  described  in  the  chemical  literature  until  the  present  time.  It  seemed  of  interest  to  synthesize 
such  compounds  in  order  to  investigate  the  effect  of  side  chains  on  the  anti-tubercular  activity  of  compounds 
of  this  type,  because  the  introduction  of  alkyl  groups  into  the  aromatic  nucleus  of  several  phenols,  f(»  example 
the  derivatives  of  resorcinol  and  resorcylic  acid,  increases  their  anti-tubercular  activity,  reaching  a  maximum 
with  the  hexyHubstituted  derivative  [1]. 

In  the  present  paper  we  describe  synthesis  of  the  simplest  alkyl  derivatives  of  £-aminosalicylic  acid  *- 
3-methyl -4-amino-6-hydroxybenzoic  acid  (1)  and  2-hydroxy-4-amino-€’methylbenzoic  acid  (II): 


COOH  COOH 


(I)  (ID 


We  prepared  3-methyl'4-amino-6-hydroxybenzoic  acid  (I)  starting  with  £-nitro-o-toluidine,  by  subjecting 
its  acetyl  derivative  to  catalytic  reduction  in  an  ethyl  acetate  medium  in  presence  of  skeletal  nickel  cataly|t. 

By  diazotization  accompanied  by  saponification,  2^cetamido-4-nitrotoluene  was  converted  into  2-amino-4-hy- 
droxytoluene,  which  was  then  heated  in  an  autoclave  with  carbon  dioxide  and  anhydrous  potassium  carbonate. 

The  surting  material  for  synthesis  of  2-hydioxy-4-amino-6-methylbenzoic  acid  (Q),  3-hydroxy-5-nitro> 
toluene,  was  prepared  by  us  horn  p-acetotoluide  via  3,4'dinitro-£-toluidine  [2],  eliminating  the  amino  group 
by  diazotization  [3],  reduction  to  3-amino-5*nitrotoluene  [4],  and  diazotization  [5].  The  3-hydioxy'6-nitro- 
toluene  prepared  in  this  manner  was  reduced,  in  the  presence  of  skeletal  nickel  catalyst  in  an  alcoholic  ihedium, 
to  3-hydroxy-5-aminotoluene  which  was  then  carboxylated  under  the  same  conditions  as  were  used  f(x  2-amino- 
4-hydroxytoluene. 

The  carboxyl  group  position  in  the  methyl-£-aminosalicylic  acids  prepared  cannot  be  given  incontra- 
vertibly,  because  theoretical  possibilities  exist,  that  carbtMi  dioxide  can  add  in  the  3  position  to  2-amino-4- 
hydroxytoluene  and  in  the  4  or  6  positions  of  3-hydroxy-6-aminotoluene.  However,  using  results  obtained  in 
carboxylation  of  m-aminophenol,  where  die  carboxyl  group  Fvedominately  adds  para  to  die  amino  group,  we 
may  presume  that  the  carboxyl  group  is  likewise  para  to  the  amino  group  in  the  acids  we  prepared,  i.e., 
corresponding  to  formulas  (I)  and  (D). 

EXPERIMENTAL 

2  -Acetamido-4-aminotoluene .  25  g  2-acetamldo-4-nitrotoluene  in  100  ml  ethyl  acetate  was  hydro¬ 
genated  in  ixesence  of  2.5  g  skeletal  nickel  catalyst  in  an  autoclave  at  40*  and  60  atm  pressure  for  1  hour; 

The  reaction  product  was  separated  from  catalyst,  solvent  evaporated  under  vacuum,  and  the  precipitate 
which  separated  recrystallized  from  alcohol.  Yield  22.7  g  (90.5<)(>  of  theoretical):  m.p.  139-140*. 

2-Amino-4-hydioxytoluene.  To  10  g  2-acetamido-4-aminotoluene  in  10  ml  concentrated  hydrochloric 
acid  and  75  ml  water,  we  added  at  65*  a  solution  of  4.5  g  sodium  nitrate  in  80  ml  water  during  a  30  minute 
period.  The  reaction  mixture  was  then  heated  at  65*  iot  30  minutes  with  stirring.  The  resulting  solution  was 
filtered  and  concentrated  under  vacuum.  75  ml  25f^  hydrochloric  acid  solution  was  added  to  the  residue  and 
refluxed  for  15-20  minutes.  Th^  solution  was  cooled,  neutralized  with  potassium  bicarbonate,  and  extracted 
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with  ether.  After  drying  the  ether  extract  with  sodium  sulfate,  the  ether  was  vaporized,  and  the  residue  recry¬ 
stallized  from  water.  3.2  g  2-amino-4-hydtoxytoluene  (about  43*^  of  theoretical)  was  obtained:  m.p.  144-145*. 

Carboxylation  of  2-amino-4-hydroxytoluene.  2  g  2-amino-4-hydroxytoluene  was  mixed, with  20  g  finely 
divided  calcined  potassium  carbonate;  the  mixture  was  heated  in  an  autoclave  for  6  hours  at  oil  bath  temperature 
(175-178*)  widi  a  50-60  atm  carbon  dioxide  pressure.  After  cooling,  the  reaction  product  was  dissolved  in  water, 
treated  with  sodium  hydrosulfite,  filtered,  and  carefully  acidified  with  hydrochloric  acid  while  iidequately  cooled. 
The  separated  acid  was  filtered  by  suction,  washed  with  water  and  purified  by  solution  in  sodium  bicarbonate  with 
subsequent  liberation  of  the  aminoacid  by  use  of  acetic  acid. 

We  obtained  2.3  g  2-hydroxy-4-amIno-5^Tlethylbenzoic  acid  (about  85*51  of  theoretical).  M.p.  145-146* 
(with  decomposition).  Fine  needle-like  crystals,  lightly  rose  colored.  Soluble  in  bicarbonate,  ether,  and  benzene: 
poorly  soluble  in  ethyl  acetate  and  cold  water. 

6,125  mg  substance:  0.430  ml  N|  (23*,  743  mm).  Found  N  7.98.  C(H903N.  Calculated  ’‘Jo-  N  8.38. 

3 -Hydroxy-5 -aminotoluene.  10  g  3-hydroxy-5-nitrotolaene  (prepared  fiom_g-acetotoluide)  was  dissolved 
in  60  ml  ethyl  alcohol  and  hydrogenated  in  presence  of  6  g  skeletal  nickel  catalyst  at  normal  pressure  and  room 
temperature.  After  removal  of  catalyst  and  vaporization  of  alcohol  under  vacuum,  the  residue  was  treated  with 
Wjo  hydrochloric  acid.  The  free  base  was  separated  from  the  resulting  solution  of  3^ydroxy-5-aminotoluene 
hydrochloride  by  addition  of  dry  sodium  bicarbonate.  After  washing  with  water  and  drying  in  a  vacuum  dessicatot, 
we  obtained  5.1  g  3-hydroxy-5-aminotoluene.  M,p.  137-138®.  Needles,  very  rapidly  turning  dark  violet.  The 
material  was  readily  soluble  in  hot  water,  alcohol  and  acetone;  i>oorly  soluble  in  ether:  and  insoluble  in  benzene. 

6.270  mg  substance:  0.628  ml  N|  (28®,  725  mm).  Found  %:  N  10.84.  C7H9ON.  Calculated’ *55):  N  11.38. 

The  subsunce  was  not  purified  further  in  view  of  its  ease  of  oxidation. 

Carboxylation  of  3-hydroxy-6-aminotoluene.  A  mixture  of  2  g  3-hydroxy-5-aminotoluene  and  20  g 
calcined  potassium  carbonate  was  heated  for  7-8  hours  in  an  autoclave  at  170-180®  with  a  50-60  atm  carbon 
dioxide  pressure.  After  cooling,  the  contents  of  the  tube  were  dissolved  in  water  and  carefully  acidified  with 
hydrochloric  acid.  .The  separated  acid  was  filtered  by  suction,  washed  with  water,  and  purified  by  conversion 
into  the  sodium  salt  by  action  of  an  aqueous  solution  of  sodium  bicarbonate  followed  by  subsequent  separation 
of  the  free  acid  by  treating  the  sodium  salt  with  hydrochloric  acid.  We  obtained  1.85  g  2-hydroxy-4-amino-6- 
methylbenzoic  acid.  M.p.  127.5-128®.  The  material  decarboxylated  at  its  melting  point. 

It  was  soluble  in  bicarbonate,  chl(roform,  petroleum  ether,  and  benzene;  poorly  soluble  in  ether, 
ediyl  acetate,  and  cold  water. 

7.010  mg  substance:  0.539  ml  Nj  (27®,  725.5  mm).  Found  N  8.54.  CgHjOjN.  Calculated  N  8.38. 

SUMMARY 

2-Hyd£Oxy-4-amino-5-methylbenzoic  acid  was  synthesized  via  a  series  of  intermediate  materials  starting 
from  2-amino-4-nitrotoluene.  2-Hydroxy-4-amiho-6-methylbenzoic  acid  was  prepared  starting  with  3-hydroxy- 
5-nitrotoluene. 
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AMIDINES  OF  AMINO  ACIDS 

1.  SYNTHESIS  OF  IMINO'ETHERS  OF  AMINO  ACIDS 

A.  N.  Baksheev*  and  N.  I.  Gavrilov 


Representatives  of  many  types  of  imino^theis  are  known:  aromatic,  aliphatic,  and  heterocyclic,  with 
various  functional  and  hydrocarbon  substituents  on  the  radical  R  The  classical  method  for  synthesis  of  these 
compounds,  which  enabled  preparation  of  the  overwhelming  majority  of  imino-esters  referred  to,  involves 
treatment  of  an  equimolar  mixture  of  the  proper  nitrile  and  absolute  alcohol  with  dry  hydrogen  chloride  [1]: 

HCl 

RCN  +  R'OH  +  HCl  — *•  R-C^ 

\)R*. 

As  a  rule,  the  imino-ether  salts  produced  as  a  result  of  the  reaction  are  colorless  crystalline  compounds 
which  readily  react  with  various  subsunces  (water,  alcohol,  amines,  etc.)>  Because  of  their  high  reactivity, 
excess  alcohol  must  be  avoided  in  preparation  of  imino-ether  salts,  very  carefully  dried  reagents  must  be  used, 
and  the  reaction  must  be  performed  at  sufficiently  low  temperatures. 


However,  despite  wide  applicability  of  this  method  for  synthesis  of  many  imino-ediers,  it  is  not 
generally  possible  to  prepare  imino-ethers  of  amino  acids  from  the  corresponding  amino-nitriles  in  this  manner. 
This  is  explained,  in  most  cases,  by  the  slight  solubility  of  amino-nitrile  salts  in  alcohol  (in  treating  a  mixture 
of  equimolar  quantities  of  amino-nitrile  and  alcohol  with  hydrogen  chlc^ide,  as  is  required  by  this  method,  an 
amino-nitrile  salt  forms  at  first  which  precipitates  from  solution  and  very  incomplete  conversirm  to  imino-ether 
occurs  [2]).  The  situation  is  not  improved  by  use  of  other  non-hydroxy-containing  solvents  (benzene,  chloroform, 
ether),  because  amino-nitrile  salts  ate  likewise  poorly  soluble  in  them  usually;  (in  fact,  use  of  similar  solvents 
proved  successful  in  synthesis  of  N-acyl  derivatives  of  amino  acid  imino-ethers  [3,5]).  In  this  connection  one 
should  mention  the  work  of  Curcius  [4].  The  latter,  treating  aminoacetonittile  with  a  large  excess  of  absolute 
ethyl  alcohol  saturated  with  hydrogen  chloride,  was  able  to  show  that  the  precipitate  which  spontaneously 
separated  from  the  reaction  mixture  was  aminoacetiminoethyl  ether  dihydrochloride: 


HjNCt^C 


\x:,H5 


•  2HC1. 


In  repeating  this  work,  Freidenberg  [5]  prepared  this  compound  in  18*^  yield  (in 


contrast  to  the  40)b  yield  repeated  by  Curt  lus).  The  low  yield  was  due  to  the  relatively  poor  solubility  of 
aminoacetonittile  hydrochloride  in  an  alcoholic  solution  of  hydrogen  chloride,  because  of  which  some  of  the 
starting  material  was  recoverable  unchanged. 


We  found  that  aminoacetiminoethyl  ether  could  be  easily  prepared  with  a  significantly  good  yield 
(80^)  by  using  excess  of  methyl  alcohol  saturated  with  hydrogen  chloride  to  ensure  complete  solubility  of 
the  initial  aminoacetonittile  hydrochloride.  However,  a  similar  procedure  for  homologs  of  aminoacetonittile 
did  not  as  a  rule  lead  to  spontaneous  precipitation  of  the  imino-ether  salt,  as  was^  observed  in  the  above 
instance;  consequently,  we  decided  to  use  a  small  excess  of  ethyl  ether  to  precipitate  the  reaction  product, 
based  on  the  almost  complete  insolubility  of  imino-ether  salts  in  this  solvent. 

In  using  this  method,  questions  inevitably  arose  on  whether  the  length  of  reaction  time  (prior  to 
precipitation  by  ether)  was  suitable  and  whether,  in  ivinciple,  it  was  possible  to  obtain  sufficiently  pure  material 
by  this  method  (purification  of  imino-ether  salts,  because  they  are  so  labile,  is  a  difficult  operation  associated 
with  large  losses).  It  was  necessary  to  consider  whether  salts  of  the  initial  amino-nitrile  (if  reaction  were 
incomplete),  or  decomposition  products  of  the  imino-ether,  would  be  separated  together  with  the  imino-ether 
salt  on  addition  of  ether  to  the  reaction  mixture. 


*  Deceased. 
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Tests  were  performed  [using  the  dihydrochloride  of  dimethylaminoacetonitrile,  (CH|}|NCH|CN,  as  a 
starting  material  for  a  series  of  experiments]  which  showed  that  almost  complete  conversion  of  the  initial 
nitrile  into  an  imino-ether  occurred  in  a  10  minute  reaction  time.  Product  purity  was  not  decreased  with 
a  one  hour  reaction  time,  but  increasing  the  time  to  3  hours  significantly  reduced  imino-^ther  purity. 

Further  extension  of  the  reaction  period  resulted  in  complete  decomposition  of  the  imino-ether  salt  (Table  2). 
Using  this  improved  method,  we  were  able  to  prepare,  as  dihydrochlorides,  the  following  a  -amino  acid  imino- 


ethers:  aminoacetiminomethyl  ether 


OCH, 


,  dimethylaminoacetiminomethyl  ether 


(CH|)jNCH|C^  ,  dimethyiaminoacetiminoetliyl  ether  (CHj)jNCHC  <  ,  alanineiminomethyl  ether 

cx:h,  DC,H5 

^NH 

H|NCH(CHj)C<(  ,  N-i*enylglycineiminomethyl  ether  CgHjHNCHjC^  ,  and  aminoisobutyriminomethyl 
^cx:h,  tx:Hs  , 


ether  H,NC(CH,). 


OCH, 


The  compounds  we  prepared  were  colorless  crystalline  nnaterials,  which  decomposed  rather  readily  to 
the  ctxresponding  amides  on  storage.  This  was  particularly  rapid  for  dimethylaminoacetiminoethyl  ether 
hydrochloride.  To  follow  imino-ether  decomposition  qualitatively  as  it  occuned,  we  used  this  test:  addition 
of  a  coiq>er  salt  solution  together  with  a  small  quantity  of  alkali  to  freshly  prepared  imino-ether  gave  a  blue 
solution;  the  more  the  imino-ether  decomposed  into  the  corresponding  amide,  the  more  and  more  violet  was 
the  solution  color  on  addition  of  these  reagents,  reaching  a  lilac-violet  with  amides. 

Because  of  the  reactivity  and  instability  of  these  compounds  a  number  of  precautions  were  necessary 
for  their  synthesis,  namely:  isolation  from  atmospheric  moisture  and  absolute  dryness  of  the  reagents  (alcohol, 
edier).  Instability  of  these  compounds  with  time  forced  us  to  conduct  their  analysis,  and  to  perform  further 
studies,  immediately  on  preparation,  after  drying  in  a  vacuum  dessicator  over  sulfuric  acid  or  solid  sodium 
hydroxide. 

In  preparing  imino-ether  salts  from  B -dime thy laminopropionitrile  under  the  same  conditions  as  were 
used  for  an  a -aminonitiile,  we  noted  that  the  former  reacted  noticeably  more  slowly:  using  a  10  minute 
reaction  time,  material  separated  after  addition  of  ether  conuined  a  considerable  portion  of  unchanged 
nitrile  salt;  only  by  increasing  the  reaction  time  to  one  half  hour  were  we  able  to  obtain  the  desired  imino- 
ether  in  sufficiently  high  yield. 


The  difference  in  the  rate  of  formation  of  imino-ethers  of  a  -  and  B -aminoniuiles  undoubtedly  is 
caused  by  activation  of  the  nitrile  group  of  the  former  by  the  adjacent  a -amino  group.  The  effect  of  the 
latter  in  B -dimethylaminopropionitrile,  in  consequence  of  the  greater  separation,  must  be  regarded  as  being 
at  a  comparatively  lower  level.  An  instance  of  similar  activation,  but  to  higher  levels,  was  shown  by  the 
compound  trichl(»acetonitrile,  which  gave  th.e  corresponding  imino-emer  on  treatment  with  alcohol  (without 
use  of  hydrogen  chlcside)  [6],  -  this  reaction  is  not  known  for  ordinary  nitriles. 

By  applying  our  improved  method  to  an  aromatic  aminonitrile  —  m-aminobenzonitrile  —  we  were  able 
to  prepare  m-aminobenziminomethyl  ether  dihydrochloride:  NH 

HgNCcHiC'f  •  2HC1. 

OCHi 

Thus,  the  above  method  of  synthesis  may  be  regarded  as  sufficiently  general  for  preparation  of 
imino-ethers  of  amino  acids;  in  actual  fact,  like  the  classical  method,  it  has  several  limitations.  Fc»  example, 
in  attempts  to  convert  a  ^enylglycinenitrile  into  the  corresponding  imino-ether,  instead  of  the  latter,  the 
hydrochloride  of  a-phenylglycineamide  O  was  separated  quantitatively.  This 

H,NCH(C6H5)C^ 

14H, 

phenomenon  was  also  observed  in  tests  to  i^epare  imino-ethers  of  certain  a  -substituted  nitriles  by  the  classical 
method.  Steinkopf  p],  who  also  investigated  a  series  of  substituted  acetonitriles  from  this  same  point  of  view, 
obtained,  by  carrying  out  the  reaction,  the  results  given  in  Table  1. 
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The  data  definitely  show  that  the  reaction  ivoducts  are 
determined  both  qualiutively  and  quantitatively  by  the  negative 
substitoents:  this  was  also  noted  by  Steinkopf. 

The  anomalous  result  obtained  by  us  in  attempting  to 
prepare  an  imino-ether  salt  from  phenylgly  cine  nitrile  is  in 
accordance  with  this  data:  introduction  of  a  phenyl  group  into 
nitrile  molecule  which  already  has  an  electronegative  substituent 
in  the  a -position -the  amino  group— increases  the  effect  of  the 
latter  sufficiently  strongly  so  that  the  reaction  leads  to  formation 
of  amides  instead  of  imino-ether  salts. 

Replacement  of  the  phenyl  group  by  a  methyl  group,  which 
has  an  electropositive  character,  results,  as  might  have  been  expected, 
in  formation  of  normal  reaction  products  —imino-ether  salts  (alanine- 
iminomethyl  ether). 

Undoubtedly,  the  difference  in  reaction  course  between  nitto- 
acetonitrile  and  nitroisobutyronitiile  may  be  explained  in  a  similar 
manner  (Steinkopf  was  inclined  to  regard  the  possible  existence  of  the  nitro  group  of  the  former  in  an  aci-form 
as  the  reason  for  the  difference),  namely,  the  presence  of  two  methyl  groups  in  the  nitroisobutyronitrile  molecule 
compensates  for  the  electronegative  effect  of  the  nitro  group  to  such  an  extent  that  imlno-ethers  are  formed  during 
the  reaction. 

EXPERIMENTAL 


TABLE  1 

Compound 

Result  of  reaction 

ClCHjCN 

BrCHjCN 

ICHjGN 

1  Imino-ether  salt 

0,NCH,CN 

CljCCN 

Br,CCN 

CljCHCN 

0,NCC1,CN 

lAmide 

BtjCHCN 

/Mixture  of  Amide 
and  imino-ether 

salt 

Oi,NC(CH,),CN 

Imino-ether  salt 

L  Aminoacetiminomethyl  (glycineiminomethyl)-ether 

Methyleneaminoacetonitrile  [8].  This  was  prepared  from  270  g  ammonium  chlrxride,  750  g  formalin 
(specific  gravity  1.078),  and  245  g  sodium  cyanide.  Yield  225  g.  After  recrystallization  from  water  it  melted 
at  128.5-129*. 


Aminoacetonitrile  hydrochloride  [4].  This  was  made  by  treating  10  g  methyleneaminoacetonitrile  with 
150  ml  of  a  1  N  soluticHi  of  hydrogen  chloride  in  ethyl  alcohol.  8.5  g  of  the  nitrile  salt  were  separated.  Anodier 
4  g  of  the  substance  were  separated  from  the  mother  liquor  using  ether.  Methyl  alcdiol  may  be  used  in  ivepara- 
tion  of  the  substance  instead  of  ethyl  alcohol:  22  g  methyleneaminoacetonitrile  was  wetted  with  a  small  quantity 
of  methyl  alcohol  and  170  ml  of  a  2  N  solution  of  hydrogen  chloride  in  methyl  alcohol  gradually  added  with 
stirring.  The  material  rapidly  went  into  solution,  and  the  mixture  was  permitted  to  stand  for  a  day.  The  crystals 
which  had  separated  in  that  time  were  removed  by  suction  filtration,  washed  with  ether,  and  dried  in  a  vacuum 
dessicatot.  Yield  19.5  g  (63.5*^  of  theoretical).  An  additional  7-8  g  of  material  could  be  recovered  by  concen¬ 
tration  of  the  mother  liquor  or  by  addition  of  ether.  Recrystallization  from  five  times  its  volume  of  methyl  alcohol 
gave  a  pure  product,  m.p.  173-175*  (with  decomposition). 

Exclusion  of  atmospheric  moisture  was  essential  in  wcxking  with  aminoacetonitrile  hydrochloride  because 
the  substance  was  highly  hygroscopic. 

Aminoacetimiiwmethyl  ether  dihydrochlwide.  2  g  aminoacetoniaile  hydrochloride  was  triturated  with 
a  small  amount  of  absolute  methyl  alcohol  (protected  from  atmosi^eric  moisture):  to  this  was  added,  with 
simultaneous  cooling,  50  g  absolute  methyl  alcohol  which  had  been  saturated  with  dry  hydrogen  chloride  at  10*. 
Rapid  solution  occurred  on  vigorous  agitation,  and  in  2-3  minutes  a  voluminous  precipitate  began  to  fmm.  When 
precipitation  begins  the  nitrile  salt  should  be  almost  completely  dissolved:  this  is  normally  the  case  if  trituration 
is  thorough:  otherwise  the  solution  should  be  quickly  filtered  under  reduced  pressure  with  atmospheric  moisture 
excluded.  It  was  most  convenient  to  perform  the  reaction  in  a  N.  L  Gavrilov  apparatus  (see  sketch):  this  apparatus 
is  fitted  with  a  calcium  chl(»ide  tube  and  has  an  integral  filter  which  may  be  connected  to  a  vacuum  receiver. 

The  filter  plate  had  to  be  rather  porous  (00.1-2).  The  precipitate  which  formed  in  an  hour  was  filtered,  washed 
with  absolute  ether,  and  dried  in  a  vacuum  dessicatcn:.  Yield  2.6  g  (80<^  of  theoretical).  M.p.  198-199*  (with 
decomposition). 

0.1828  g,  0.2114  g  subsunce:  22.85  ml,  26.40  ml  0.1  N  H1SO4  (Kjeldahl).  0.1972  g,  0.2008  g  substance; 

24.0  ml,  25.00  ml  0.1  N  AgNO,  (Volhard).  Found  <%:  N  17.49,  17.48:  Cl  44.28,  44.19.  C,Hi^N,Cl,. 

Calculated  <5t;  N  17.39:  Cl  44.10 
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Colorless  flakes,  readily  soluble  in  water  with  evolution  of  heat. 

It  was  difficultly  soluble  in  alcohol  and  insoluble  in  ether. 

After  three  weeks  storage, recrystallization  of  the  imino'ethei 
salt  from  methyl  alcohol  gave  colorless  crystals  with  m.p.  207-208*. 

Both  before  and  after  recrystallization  this  substance  gave  an  intense 
violet  color  when  treated  with  copper  salts  in  alkaline  solution.  This 
material  was  soluble  in  water  without  evolution  of  heat,  poorly  soluble 
in  alcohol,  and  insoluble  in  ether. 

0.1460  g,  0.1749  g  substance:  26.3  ml,  31.4  ml  0.1  N  H,S04. 
(Kjeldahl).  0.1832  g  substance:  16.55  ml  0.1  N  AgNOj 
(Volhard).  Found  °lo-  N  25.22,  25.13;  Cl  32.07.  CiHtONjCI. 
Calculated  <yo:  N  25.22,  25.13;  Cl  32.12. 

The  material  thus  was  aminoacetamide  hydrochloride  as 
shown  by  its  properties  and  the  analytical  data  (m.p.  186-189*  [9]). 

n.  Dimethylaminoacetiminomethyl  ether 

Dimethylaminoacetonitr ile .  This  was  prepared  from  110  ml 
22. 8<^  aqueous  dimethylamine  solution,  50  ml  formalin,  and  30  g 
potassium  cyanide.  The  yield  of  the  nitrile  was  26  g,  m.p.  135-138*. 

By  treatment  of  dimethylaminoacetonitrile  in  ether  solution  with 
hydrogen  chloride,  we  ];Mrepared  the  nitrile  salt,  which  after  recrystal¬ 
lization  from  methyl  alcohol  had  a  m.p.  of  150-151.5*. 

Dimethylaminoacetiminomethyl  ether  dihydrochloride.  To 
Gavrilov  Apparatus  3  g  dimethylaminoacetonitrile  hydrochloride  was  added  50  ml  absolute 

methyl  alcohol  which  had  been  saturated  cold  (cooled  with  ice  water) 
widi  dry  hydrogen  chloride.  The  reaction  mixture  was  shaken,  and  after 
complete  solution  of  the  nitrile  salt  occiured  (which  generally  took  2-3  minutes),  was  permitted  to  stand  for 
20  minutes.  At  the  end  of  this  time,  twice  the  volume  of  absolute  ether  was  added;  this  produced  a  voluminous 
precfr)itate.  The  latter  was  allowed  to  stand  for  a  half-4iour  and  filtered  by  suction,  washed  with  absolute  ether, 
and  dried  in  a  vacuum  dessicator.  yield  3.7  g  of  theoretical),  colorless  solid  with  a  mother-ofi;)earl 
luster.  Mp.  195-197*. 

0.2112  g  substance:  22.50  ml  0.1  N  H1SO4 (Kjeldahl)  0.2188  g,  0.2010  g  substance:  23.25  ml. 

21.35  ml  0.1  N  AgNO,  (Volhard).  Found  ojo’  N  14.91;  Cl  37.72,  37.7.  CsH^ONjCl,.  Calculated  «lo-. 

N  14.81;  Cl  37.62. 

The  substance  was  readily  soluble  in  water  (with  decomposition)  and  less  soluble  in  meth:4  alcohol. 

After  lengthy  storage,  the  substance  when  recrystallized  from  methyl  alcohol  yielded  colorless  crystals 
with  m.p.  206-207*,  which  were  readily  soluble  in  water  and  methyl  alcohol  and  insoluble  in  ether.  A  violet 
color  was  obtained  by  treatment  of  this  material  with  an  aqueous  solution  of  divalent  copper  in  the  presence  of 
alkali. 


6.035  mg,  4.825  mg  substance:  7.605  mg,  6.100  mg  CO|i  4.335  mg,  3.390  mg  H|0.  Found  C  34.37, 
34.48;  H  8.03,  7.88.  C4HijON,Cl.  Calculated  <%■.  C  34.65;  H  7.97. 

It  drerefore  appeared  that  this  material  was  dimethylaminoacetamide  hydrochloride. 


aminoacetonittile  hydrochloridd  on  dimethylaminoacetiminomethyl  ether  dihydrochloride  formatioa  In  order  to 
study  the  velocity  of  imino-ether  formation  as  well  as  their  stability  in  the  reaction  mixture  with  time,  we  performed 
a  series  of  tests  in  which  we  varied  reaction  time  holding  all  other  conditions  constant.  In  these  teste,  we  treated 
2  g  dime  dry  laminoacetonitrile  hydrochloride  with  35  ml  absolute  methyl  alcohol  which  had  been  saturated  cold 
(cooled  widi  ice  water)  with  hydrogen  chloride.  The  reaction  mix  was  agitated,  with  cooling,  until  the  starting 
nitrile  salt  was  dissolved  and  was  let  stand  in  ice  water  for  a  predetermined  time,  at  the  end  of  which  we  added 
double  the  volume  of  absolute  ether  to  precipitate  the  reaction  product.  The  reaction  mixture  was  maintained  cold 


2080 


TABLE  2 


Reaction  Time 

Yield  of  imino- 

ether  salt 

Analysis  of  reaction 
product  (in  "It) 

Notes 

(in  grams) 

Nitrogen 

(Kjeldahl) 

Chlorine 

(Volhard) 

10  minutes 

2.5 

14.61 

37.72 

1  hour 

2.6 

14.78 

37.58 

Theoretical 

3  hours 

2.5 

15.15 

37.6 

compx)sition: 

7  hours 

1.9 

18.82 

31.86 

Cl  37.6<5b 

N  14.81<^ 

20  hours 

On  addition  of  ether,  ammonium 
chloride  was  quantitatively 
separated 

in  ice  water  for  Q.5-1  hour,  depending 
on  the  ease  of  separation  of  the 
precipitate;  the  latter  was  then 
filtered  by  suction,  washed  several 
times  with  absolute  ether  and  dried 
in  a  vacuum  dessicatcv  for  3  hours. 

All  of  these  operations  were  performed 
with  atmospheric  moismre  excluded. 
Samples  for  analysis  were  taken 
immediately  after  drying. 

Reaction  times  (after  solution 
of  the  nitrile  salt)  were:  10  minutes, 
1,3,7,  and  20  hours.  Test  data  are 
given  in  Table  2. 


III.  Dimethylaminoacetiminoethyl  ether  dihydrochloride. 

20  ml  absolute  ethyl  alcohol  which  had  been  saturated  cold  with  dry  hydrogen  chloride  was  added  to  1  g 
dimethylaminoacetonitrile  hydrochloride.  On  condnued  stiiring  with  cooling,  the  nitrile  salt  gradually  went 
into  solution.  Solution  took  place  considerably  more  slowly  than  in  ixreparation  of  the  methyl  homolog,  and  was 
complete  in  about  a  half-hour.  After  the  solution  had  stood  for  an  hour  (cooled  in  ice  water),  we  added  twice  its 
volume  of  absolute  ether;  a  colorless  oil,  which  gradually  became  completely  crysulline,  soon  began  to  separate 
on  the  bottom  of  the  reaction  vessel.  After  suction  filtration  and  washing  with  absolute  ether,  we  obtained  1.35 
g  (81'^t)  of  theoretical)  of  colorless  hygroscopic  crystals. 

The  material  reacted  with  water  with  liberation  of  heat,  and  rapidly  decomposed  on  storage  in  a  vacuum 
dessicator;  the  freshly  {xepared  substance  did  not  form  a  violet  copper  complex,  but  after  1-2  hours  of  storage 
the  violet  cola:  of  the  complex  was  clearly  evident  (uansformation  into  dimethylaminoacetamide).  Because  it 
was  not  possible  to  analyze  this  substance  for  the  above  reason,  we  demonstrated  that  it  was  really  dimethylamino- 
acetaminoethyl  ether  dihydrochloride  by  treating  1  g  of  freshly  prepared  substance  with  a  solution  of  1  ml  dry  aniline 
in  10  ml  ether.  The  precipitate  quickly  re-formed,  turned  to  a  viscous  liquid  and  then  solidified  again;  the  reaction 
mix  was  allowed  to  stand  for  2  days  after  which  the  precipitate  was  filtered  by  suction  and  washed  with  ether.  Yield 

1-25  g.  material  was  dissolved  in  methyl  alcohol  and  subsequently  precipitated  with  ether  to  yield  a  substance 
which  gave,  with  an  alcoholic  solution  of  picric  acid,  yellow  crystals,  having  m.p.  217-218*,  which  did  not  depress 
the  melting  point  of  N-phenyldimethylaminoacetamidine  dipricrate. 

IV.  Aminoisobutyriminomethyl  ether. 

Aminoisobutyronitrile  hydrochloride  [11].  Aminoisobutyronitrile  was  prepared  from  5.5  g  ammonium 
chloride,  74  ml  acetone,  and  70  g  pxjtassium  cyanide.  Yield  43  g;  m.p.  70-71*. 

Aminoisobutyronitrile  hydrochloride  was  prepared  by  passing  hydrogen  chloride  into  an  etha  solution  of  i 

the  nitrile  until  it  reacted  acid  to  Congo  red.  M.p.  147-149*.  if  necessary,  the  substance  was  re  crystallized.  For 
this  we  dissolved  it  in  a  small  quantity  of  methyl  alcohol  and  then  added  4  times  its  volume  of  acetone;  very 
well-formed  crystals  of  aminoisobutyronitrile  hydrochloride  gradually  began  to  separate. 

Aminoisobutyroiminomethyl  ether  (L^ydioch-loiide.  We  added  35  ml  absolute  methyl  alcohol  which  had 
been  saturated  when  cold  with  hydrogen  chloride  to  2  g  aminoisobutyronitrile  hydrochloride.  On  continued  cooling 
in  ice  water,  with  stirring,  the  nitrile  salt  quickly  went  into  solution  (2-3  minutes),  and  the  reaction  mixture  was 
allowed  to  stand  for  15  minutes.  Three  times  its  volume  of  absolute  ether  was  added,  and  a  colorless  oily  liquid, 
which  became  completely  crystalline  in  several  minutes,  rapidly  separated.  After  a  half-hour  the  residue  was 
filtered  by  suction,  washed  three  times  with  absolute  ether,  and  dried  in  a  vacuum  dessicator.  Yield  2.6  g 
(82.5<5fc  of  theaetical).  M.p.  244-247®  (with  decompxjsition).  It  was  soluble  in  water  with  the  evolution  of  heat. 

0.2031  g,  0.2120  g  substance:  20.95  ml,  22.00  ml  0.1  N  HgSO^  (Kjeldahl).  0.2250  g,  0.2350  g  substance: 

23.47  ml,  24.60  ml  0.1  N  AgNO*  (Volhard).  Found  N  14.44,  14.52;  Cl  37.03,  37.16.  C5Hl40^^Cl,. 

Calculated  <?b:  N  14.81;  Cl  37.62. 


2081 


V.  N-Phenylglycineiminomethyl  ether 

N-Rienylglycinenittile  hydrochloride  [12],  We  prepared  N-phenylglycinenitrile  from  32  ml  formalin  (speci¬ 
fic  gravity  1.078),  37  ml  aniline,  and  40  g  potassium  cyanide.  Yield  41  g,  light  yellow  crystals  with  m.p.  44-45*.  After 
recrystallization  from  ether  we  obtained  almost  colorless  crystals,  m.p.  47-48*. 

The  nitrile  hydrochloride  was  i»:epared  by  dissolving  the  nitrile  in  ether  and  adding  a  saturated  solution  of 
hydrogen  chlaide  in  alcohol  until  reaction  was  acid  to  Congo  red.  The  precipitate  which  separated  was  filtered  by 
suction,  washed  with  ether,  and  recrystallized  from  ethyl  alcohol.  Colorless  crystals  which  decomposed  without  melt¬ 
ing  when  heated  to  200*. 

N-Phenylglycineiminomethyl  ether  dihydiochloride.  50  ml  absolute  methyl  alcohol  which  had  been  sat¬ 
urated  cold  with  hydrogen  chloride  was  added  to  3  g  finely  crushed  N-phenylglycinenitrile  hydrochloride.  The  nitrile 
salt  went  into  solution  after  about  3-5  minutes  of  agitation  with  cooling,  and  soon  thereafter  the  imino-ether  salt  began 
to  separate.  The  residue  was  filtered  by  suction  after  1.5  hours,  washed  several  times  with  absolute  ether,  and  dried  in 
a  vacuum  dessicator.  Coloriess  crystals;  m.p.  185-186*.  Yield  3.0  g  (71.5*54)  of  theoretical).  The  material  was  soluble 
in  water,  and  poorly  soluble  in  ethyl  alcohol. 

0.1952  g,  0.2004  g  substance:  16.0  ml,  16.85  ml,  0.1  N.  H1SO4  (Kjeldahl).  0.2002  g,  0.2246  g  substance: 

16.85  ml.  18.70  ml  0.1  N.  AgNO,  (Volhard).  Found  N  11.91,  11.77:  Cl  29.88,  29.56.  CsH^ONjClj. 

Calculated  %  N  11.82;  Cl  29.95. 

VI.  Attempted  preparation  of  g-phenylglycineiminomethyl  ether. 

g-Hienylglycinenitrile  hydrochloride.  We  prepared  this  from  10  g  benzaldehyde,  10  g  potassium  cyanide, 
and  5  g  ammonium  chloride,  following  N.D.  Zelinsky  and  G.  L.  Stadnikov  [13].  Yield  9.8  g,  slightly  yellowish  crys¬ 
tals.  The  dried  and  crushed  substance  was  treated  several  times  with  chloroform  and  then  washed  several  times  with 
ether;  this  gave  a  p'.oduct  which  was  free  of  color.  M.p.  175-176*. 

Attempted  preparation  of  g-phenylglycineiminomethyl  ether  dihydrochloride.  60  ml  absolute  methyl  alcohol 
which  had  been  saturated  cold  with  hydrogen  chloride  was  added  to  3  g  g-phenylglycinenitrile  hydrochloride.  On  con- 
,  tinned  agitation  with  cooling,  the  niuile  salt  finished  going  into  solution  in  6-8  minutes.  After  cooling  for  10  minutes 
in  ice  water,  we  added  3-4  times  its  volume  of  absolute  ether;  if  the  temperature  of  the  reaction  mixture  was  suffic¬ 
iently  low,  precipitation  did  not  noticeably  begin  at  this  time,  and  the  mixture  was  let  stand  overnight.  The  finely 
crystalline  precipitate  which  separated  during  this  time  was  filtered  by  suction,  washed  with  ether,  and  dried  in  a 
vacuum  dessicatoi.  Yield  3.2  g.  M.p.  272-273*.  Poorly  soluble  in  alcohol;  insoluble  in  ether  and  chloroform.  An 
aqueous  solution  of  the  substance  developed  a  violet  color  with  copper  salts  and  alkali. 

Recrystallization  from  water  gave  colorless  crystals,  with  m.p.  280-281"  (with  decomposition),  which  re¬ 
tained  the  property  of  the  un-recrystallized  material  to  give  a  violet-colored  copper  complex. 

3.295  mg,  3.108  mg  substance:  6.267  mg,  5.898  mg  CO^:  1.645  mg  4  195  mg,  2.867  mg  substance: 

0.549  ml,  0.375  ml  N,  (22.50*,  745  mm).  Found  °}o:  C  51.90,  51.79:  H  6.06  ,  5.92:  N  14.85,  14.81. 

C,HiiON,Cl.  Calculated  ojo'.  C  51.47;  H  5.89;  N  15.01. 

From  this  it  appears  that  the  reaction  product  was  not  g-phenylglycineiminomethyl  ether,  dihydrochloride 
but  rathei  g-phenylglycineamide  hydrochloride. 

VII.  Alanineiminomethyl  ether. 

Alaninenitrile  hydrochloride  [14].  We  prepared  alaninenitrile  from  26.6  g  ammonium  chloride,  10  g  acet¬ 
aldehyde,  and  29.5  g  potassium  cyanide.  Hydrogen  chloride  was  passed  through  an  ether  solution  of  the  nitrile  until 
the  solution  was  acid  to  Congo  red.  The  yellowish-white  precipitate  which  separated  was  filtered  by  suction,  washed  with 
ether,  and  dried  in  a  vacuum  dessicator.  Yield  23  g.  M.p.  126-128*.  (According  to  the  literature  the  m.p.  is  115-117* 
[15]  and  132-133*  [16]  ). 

As  a  consequence  of  the  difficulty  of  purifying  the  substance,  it  was  used  in  the  next  stage  without  further 
treatment. 

Alanineiminomethyl  ether  dihydrochloride.  35  ml  absolute  methyl  alcohol  which  had  been  saturated  cold 
with  hydrogen  chloride  was  added  to  2  g  alaninenitrile  hydrochloride.  The  nitrile  salt  dissolved  in  intermittent  agi¬ 
tation  while  cooling  in  ice-water,  and  after  a  half-hour  absolute  ether  was  added  to  the  solution  until  turbidity  was  not 
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cleared  up  by  shakii^:  the  mixture  was  then  let  stand  for  one  and  one-half  hours  while  cooling  in  ice  water.  The  pre¬ 
cipitate  which  separated  was  filtered  by  suction,  washed  with  ether,  and  dried  in  a  vacuum  dessicator.  Yield  2  g 
(60. of  theoretical),  slightly  yellowish  hygroscopic  material,  liberates  heat  when  dissolved  in  water.  The  material 
was  poorly  soluble  in  ethyl  alcohol,  somewhat  more  soluble  in  methyl  alcohol,  and  insoluble  in  ether  and  chloroform. 

0.2132  g,  0.1976  g  substance:  23.6  ml,  22.4  ml  0.1  N  HtS04  (Kjeldahl).  0.1938  g,  0.1640  g  substance: 

21.40  ml,  18.00  ml  0.1  N  AgNO,  (Volhard).  Found  N  15.50,  15.87;  Cl  39.20,  38.96.  C4HaON,Cl|. 

Calculated  N  16.00;  Cl  40.6. 

The  analytical  results  were  somewhat  low  and  the  material  was  somewhat  colored,  no  doubt  because  of  in-  ■ 
completely  pure  initial  nitrile;  however,  there  is  no  doubt  that  the  material  was  the  desired  imino-ether. 

VIIL  B-Dimethylaminopropioniminomethyl  ether. 

35  ml  absolute  methyl  alcohol  which  had  been  saturated  when  cold  with  dry  hydrogen  chloride  was  added 
to  2  g  0-dimethylaminoptopionitrile  hydrochloride  (m.p.  203-204“).  The  starting  nitrile  salt  dissolved  in  2-3  minutes  of 
shaking,  while  cooled  in  ice-water.  After  10  minutes  the  reaction  mix  was  diluted  with  one  and  one-half  times  its 
volume  of  absolute  ether.  The  finely  crystalline  white  precipitate  (1.5  g)  which  separated  at  once  appeared  to  be 
unchanged  aminonitrile  salt.  On  extension  of  the  reaction  time  to  one-half  hour,  addition  of  one  and  one-half  vol¬ 
umes  of  absolute  ether  gave  a  transparent  solution  on  shaking  from  which  colorless  fine  i^isms  separated  gradually 
on  standing  when  cold.  After  2  hours  the  residue  was  filtered  by  suction,  washed  with  ether,  and  dried  in  a  vacuum 
dessicator.  Yield  2.3  g  (76  of  theoretical).  On  heating  the  material  effervesced  and  decomposed  at  about  100*. 
Readily  soluble  in  water,  less  soluble  in  methyl  alcohol. 

0.2012  g,  0.2238  g  substance:  20.1  ml,  22.15  ml  0.1  N  H1SO4  (Kjeldahl).  0.1904  g,  0.2319  g  substance: 

18.75  ml,  23.0  ml  0.1  N  AgNO,  (Volhard).  Found  <%:  N  13.96,  13.86:  Cl  34.95,  35.20.  CeHi^NjCl*. 

Calculated  '5b:  N  13.80;  Cl  34.97. 

IX.,  m-Aminobenziminomethyl  ether. 

m-Nitrobenzonitrile  [17].  This  was  prepared  from  25  g  m-^troaniline,  12.5  g  sodium  nitrite,  45  g  copper 
sulfate,  and  51  g  potassium  cyanide.  Light  yellow  crystals  with  m.p.  113-114“  (m.p.  117“  [17]).  Yield  8  g.  Because 
of  large  losses  in  purification,  the  prepared  substance  was  used  in  the  next  stage  without  further  treatment. 

m-Aminobenzonitrile  [17].  We  prepared  this  from  8  g  rn-nitrobe nzonitrile  by  reduction  with  48  g  stannous 
chloride.  Yield  45  g:  slightly  yellowish  crystals  with  m.p.  49“  (m.p.  53-53.5“  [17]. 

The  nitrile  was  purified  via  its  hydrochloride.  For  this,  we  gradually  added,  with  cooling,  ether,  which  had 
been  saturated  with  hydrogen  chloride,  to  an  ether-alcohol  solution  of  the  substance.  The  white  precipitate  of  m- 
aminobenzonitrile  hydrochloride  was  filtered  by  suction,  washed  with  ether,  and  then  twice  recrystallized  from 
methyl  alcohol.  Colorless  crystals,  m.p.  209-210*. 

fll-Aminobenziminomethyl  ether  dihydrochlogide.  15  ml  absolute  methyl  alcohol,  saturated  when  cold 
with  hydrogen  chloride,  was  added  to  0.5  g  m-aminobenzonitiile  hydrochloride.  The  reaction  mixture  was  allowed 
to  stand  at  room  temperature  with  periodic  shaking.  Solution  of  the  nitrile  salt  was  complete  in  about  a  half-hour, 
and  in  a  short  while  the  solution  then  began  to  deposit  a  fibrous,  cotton-like,  colorless  precipitate.  The  mixture 
was  cooled  in  ice  fw  1.5  hours,  the  residue  was  then  filtered  by  suction,  washed  several  times  with  ether,  and  dried 
in  a  vacuum  dessicator.  Yield  0.45  g  (62<5b  of  theoretical).  M.p.  238-240“  (with  decomposition).  Usii^  ether,  we 
were  able  to  separate  an  additional  quantity  of  material  from  the  same  mother  liquor. 

Light  colcffless  threadlike  crysals  which  were  difficultly  soluble  in  methyl  alcohol  and  readily  soluble  in 
water  without  displaying  significant  thermal  effect. 

0.1486  g  substance:  13.1  ml  0.1  N  HjSO^  (Kheldahl).  0.1534  g  substance:  13.8  ml  0.1  N  AgNO|. 

(Volhard).  Found  <51);  N  12.35;  Cl  31.93.  C,HbON,C1,.  Calculated  <5fe:  N  12.55;  Cl  31.83. 

SUMMARY 

1.  A  method  was  developed  for  synthesis  of  imino-ethers  of  a-amino  acids  and  its  applicability  for  synthe¬ 
sis  of  aromatic  and  6 -series  imino-ethers  demonstrated. 

2.  It  was  shown  that  formation  of  these  compounds  takes  place  quickly  and  completely,  and  that  the  imino- 
ether  formed  is  relatively  stable,  in  presence  of  alcohol  saturated  with  hydrogen  chloride.  This  enabled  separation  of 
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reaction  products  in  a  sufficiently  pure  form  without  resorting  to  additional  purification.  The  effect  of  the  amino  group 
location  on  the  velocity  of  formation  of  imino-ethers  was  noted  fov  et-  and  6 -amino  acids. 


3.  The  following  group  of  new  imino-ethers  of  a-amino  acids  was  prepared;  aminoacetiminomethyl  ether, 
dimethylaminoacetiminomethyl  ether,  dimethylaminoacetiminoethyl  ether,  aminoisobutyroiminomethyl  ether,  alan- 
ineiminomethyl  ether,  and  a-phenylglycineiminomethyl  ether. 

A  representative  aromatic  ether  (m-aminobenziminomethyl  ether)  and  a  fi-type  ether  (dimethylamino- 
propiominomethyl  ether)  were  analogously  prepared. 

Consequently,  the  proposed  method  may  be  regarded  as  a  sufficiently  general  method  for  synthesis  of 
amino  acid  imino-ethers. 
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AMIDINES  OF  AMINO  ACIDS.  II 


A.  N.  Baksheev*  and  N.  I.  Gavrilov 


The  wide  variety  of  applications  and  valuable  properties  of  amidines —compounds  having  the  general  for- 
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mula  R-C^  (R.  Rp  Rq]  =  H  organic  radicals)  -  fully  justifies  the  considerable  interest  chemists  have 

NRnRlli 

shown  in  them,  which  has  been  reflected  by  the  extensive  literature,  chiefly  in  patents,  associated  with  these  compounds. 
Among  the  many  different  compounds  of  this  class,  amidines  of  amino  acids  (where  R  is  an  aminoalkyl  group)  have  been 
described  very  slightly.  But  precisely  these  compounds  (mainly  amidines  of  a-amino  acids),  apart  from  their  possible 
practical  utilization,  are  of  fundamental  interest  from  the  point  of  view  of  the  structure  of  albumin,  as  introduced  by 
N.D.  Zelinsky  and  N.I.  Gavrilov  [1]:  consequently,  successful  synthesis  of  these  compounds  is  pf  unconditional  interest. 
For  ixreparxionof  these  compounds  we  selected  a  method  based  on  reacting  imino-ether  salts  with  amines,  which  would 
lead,  as  a  mle,  to  di-substituted  compounds. 


R-C 


// 


NH 


\ 


HCl  +  2NH,Rn- 


ORj 


HCl  +  RjOH  +  NH,. 


NHRn 


The  hydrochlorides  of  the  amino  acid  imino-ethers  necessary  were  prepared  by  a  previously  described 
method  [2].  We  used  the  (Hdinary  {procedure,  described  in  the  literature,  for  preparation  of  the  amidines;  a  mixture 
of  imino-ether  salt  and  amine  in  solvent  (we  used  absolute  ether)  was  allowed  to  stand  at  room  temperature  for  1-3 
days,  and  the  amidine  hydrochloride  which  fcffmed  was  then  separated  by  a  suitable  procedure.  Since  it  rnight  be 
expected  that  imino-ethers  of  amino  acids  with  a  iximary  amino  group  would  react  in  a  complex  way  with  aliphatic 
amines,  caused  by  participation  of  the  amino  group  of  the  aminoimino-ether,  and  because  of  the  unavoidable  inter¬ 
change  of  hydrogen  chloride  between  the  amino  groups  of  the  imino-ether  and  the  reacting  amine,  we  used  an  amine 
with  reduced  basicity -aniline.  In  this  way  we  prepared,  hotn  the  corresponding  imino-ether  salts,  the  following  am¬ 
idines  as  dihydrochlorides: 

N-phenyl-dimethylaminoacetamidine :  (CH,),NCH,c{ 

.NH  NHCjH,; 

N-phe  nyl-aminosiobutyr  amidine :  H,NC(C  H8)jC\ 

NHC^H,; 


.NH 


N-phenyl-4minoacetamidine:  H,NCH,C 


NHCjH,. 


Using  the  property  of  dimethylaminoacetamidines  to  form  dii^icrates  which  crystallize  well  and  are  diffi¬ 
cultly  soluble  in  alcohol  (this  was  used  for  separation  of  N-benzyl-dimethylaminoacetamidine  in  the  pure  form)  we 
were  able  to  simplify  somewhat  the  method  of  preparation  in  some  cases :  a  solution  of  amine  picrate  in  methyl 
alcohol  was  added  to  the  hydrochloride  of  the  imino-ether  mentioned;  the  solution  quickly  became  homogeneous 
and  then,  after  several  minutes,  the  amidine  salt  began  to  separate.  In  this  way  we  were  able  to  prepare  the  dipi- 
crates  of  the  following  compounds  in  addition  to  that  of  the  abo^j^entioned  N-phenyl-dimethylaminoaceumidine: 

N-glycyl-dimethylaminoacetamidine:  (CH,),NCH,C'^ 

NHCHjCOOH; 


N-glycylglycyl-dimethylaminoaceumidine :  (CH,),NCf%C 


\ 


NHCHCONHCHjCOOH; 


Deceased 
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N-^-alanylglycylglycyl-dimethylaminoacetamidine :  (CHj)jNC.t%C 


NH 


1 


HC  H(C  Hj)CONHC  f^CONHCt^COOH. 


The  last  compound  is  of  interest  because  it  contains  a  combination  of  peptide  and  amidine  linkages.  As 
can  be  seen  from  the  formulas  given,  all  the  above  compounds  are  mono-substituted  amidines.  Attempts  to  prepare 
the  corresponding  disubstituted  compound  —  N,N*-diphenyl-dimethylaminoacetamidine  (in  place  of  N-phenyl-dimethyl- 
aminoacetamidine)  -  by  using  excess  aniline  and  increasing  the  length  of  reaction  time,  lead  to  formation  of  the 
mono-substituted  compound  without  change.  Performing  the  reaction  in  boUing  absolute  ether  gave  the  same  result. 
However,  aminoimino-ether  salts  of  the  6-type  —  6-dimethylaminopiopi.oiminometb.yl  ether 

(CHsljNCHjCHgC'^ 

cx:hj 

—readily  reacted  with  aniline  to  give,  depending  on  the  reagent  ratio,  both  mono-  and  di-substituted  amidines: 


(CH3),NCH,C1%( 


and  (CHj|)2NC1%CH,C^ 


NHCgHg 


NCqHj 

NHCcl%. 


Imino-ethers  of  amino  acids  with  pcrmary  amino  groups  (for  example  aminoacetiminomethyl  ether  and 
aminoisobutyroiminomethyl  ether),  have  two  functional  groupings  which  can  react  with  one  another  (the  amino 
and  the  imino-ether  groups)  to  form  amidine  linkages;  this  affords  the  possibility  of  using  these  compounds  both 
as  the  imino-ether  and  the  amino  compaient  of  the  reaction  at  the  same  time.  In  this  way  unusual  amidine  poly¬ 
condensations  may  take  place:  ^ 

-NH-C(R)j-C^  yNH 

NH-C(R)s-C\ 

NH-. 


Cyclic  compounds  may  also  be  formed  in  this  manner.  Because  the  amino  acid  imino-ethers  prepared  in 
our  synthesis  were  separated  as  dihydrochloiides,  it  was  necessary  to  remove  one  molecule  of  hydrogen  chloride  from 
the  compound  in  order  to  make  reactions  of  the  above  discussed  type  feasible;  this  was  accomplished,  based  on  the 
very  different  basicity  of  amino  and  imino-ether  gro?ips,  by  treating  the  imino-ether  with  pyridine.  However,  use 
of  this  reaction  on  the  dihyrochloride  of  aminoisobutyioiminomethyl  ether  gave,  instead  of  the  desired  product,  the 
hydrochloride  of  aminoisobutyramide :  ^ 

HCl .  H,NC(CH5)2C 

NHg 


The  similar  befiavior  jf  several  a-sufastiti;ted  imino-ethers  which  give  amides  on  separation  of  the  free  base 
from  the  imino-ether  salt  has  been  noted  in  the  iiterafxe  [3].  There  are  also  references  to  the  effect  that  alcoholysis 
of  imino-ether  salts,  in  which  there  are  two  or  three  substituents  on  the  a-carbon  atom,  does  not  lead  to  orthoesters 
as  is  usual,  but  gives  the  coriesptMiding  amide,  for  the  most  part  [4], 


On  treatment  of  aminoacetiminomethyl  ether  dihydrochloride  with  pyridine,  we  obtained  a  ir^aterial  whose 
properties  differed  both  from  the  corresponding  amide  and  from  the  initial  imino-ethei'.  We  were  able  to  conclude 
that  the  reaction  had  gone  in  the  desired  direction  because  of  similarity  of  a  number  of  properties  between  this  com¬ 
pound  and  N-phenyl -aminoacetamidine  (i.e.,  easy  oxidizability  in  aqueous  solution,  and  ability  to  give  color  reac¬ 
tions  with  certain  metallic  salts).  However,  because  of  the  difficulty  of  purifying  the  substance  prepared,  we  are 
not  able  to  make  firm  conclusions  chi  its  structure,  for  the  present. 


EXPERIMENTAL 

N-Phenyl-dimethylaminoacetamldine-dihy<irochl<Mride.  10  ml  absolute  ether  was  added  to  1  g  freshly  pre¬ 
pared  dimethylaminoacetiminomethyl  ether  dihydrochloride  which  was  ground  as  finely  as  possible.  A  solution  of 
1  ml  aniline  in  5  ml  absolute  ether  was  then  added  gradually  with  cooling.  The  mixture  was  allowed  to  stand  at  room 
temperature  for  a  day.  From  time  to  time  it  was  slaken  and  the  residue  stirred  up  (with  atmospheric  moisture  ex¬ 
cluded).  The  residue  was  filtered  by  suction,  washed  twice  with  ether.  Yield  1.25  g  (96  ‘55)  of  theoretical).  The  sub¬ 
stance  was  dissolved  in  a  small  amount  of  metfiyl  alcohol,  and  an  equal  volume  of  ether  added  to  the  solution.  On 
shaking,  the  initial  turbidity  disappeared,  and  ther.  colorless  glistening  fj.akelets  began  to  separate  gradually  from 
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the  transparent  solution.  After  some  time  the  residue  was  suction  filtered,  washed  hrst  with  an  alcohol<edier  mixture 
and  then  with  ether,  and  dried.  Yield  1  g  (76^  of  theoretical). 

M.p.  226-227*  (widi  decomp.).  A  second  crystallization  of  the  substance  by  the  above  described  mediod 
gave  m.p.  227-228*  (with  decomp.). 

Glistening  plates,  readily  soluble  in  water  and  methyl  alcohol,  less  soluble  in  ediyl  alcohol,  and  insoluble 
in  benzene  and  ether. 

0.1958  g  subsunce:  22.88  ml  0.1  N  H1SO4  (Kjeldahl).  0.2064  g  subsunce:  24.48  ml  0.1  N.  H1SO4. 

0.2008  g  substance:  16.2  ml  0.1  N  AgNO|  (Volhard).  0.1876  g  subsunce:  15.05  ml  0.1  N  AgNO|. 

Found  «k‘.  N  16.36,  16.60:  a  28.6.  28.55.  Ci^HnNgClf  Calculated  N  16.80;  Cl  28.40. 

The  subsunce  gave  a  bright  blue  color  with  copper  salts  in  aqueous  solution  in  presence  of  alkali. 

N-Phe nyl-aminoisobutyramidine-d ihydrochloride .  7  ml  absolute  ether  was  added  to  1.6  g  fresldy  prepared 
aminoiaobutyrlminoniediyl  ether  dihydrochloride,  2  ml  dry  aniline  was  then  added  with  cooling.  The  reaction  mix¬ 
ture  was  periodically  shaken,  and  after  a  day  the  residue  was  suction  filtered  and  washed  with  ether.  After  drying  in 
a  vacuum  dessicator  we  obtained  2  g  of  material.  The  latter  was  treated  with  a  small  quantity  of  ediyl  alcohol: 
most  of  the  nuterial  remained  undissolved.  The  mother  liquor  was  removed  by  suction  and  discarded  (ether  sep¬ 
arated  from  the  modier  liquor  a  colorless  crysulhne  subsunce  which  gave  a  violet  color  when  treated  in  aqueous 
solution  with  a  copper  salt  and  alkali  -  indicating  presence  of  amiiK>isobutyramide)  and  the  residue  washed  widi 
ethyl  alcohol,  dissolved  in  methyl  alcohol,  filtered,  and  an  equal  volume  of  absolute  ethyl  alcohol  added  to  die 
solution.  ki  several  hours,  well-formed  crysuls  separated:  these  were  filtered  by  suction,  washed  with  ethyl  alco-' 
hoi  and  ether,  and  dried  in  a  vacuum  dessicator.  Yield  1  g.  Mp.  246’247*.  A  mixed  melting  point  test  with 
aminoisobutyramide  hydrochloride  melted  at  230-234*. 

The  material  was  readily  soluble  in  water,  less  soluble  in  methyl  alcohol,  and  poorly  soluble  in  ethyl 
alcohol.  The  aqueous  solution  of  the  preparation  gave  a  blue  coltx  with  copper  salts  in  presence  of  alkali. 

0.1832  g  substance;  21.5  ml  0.1  N  H1SO4.  0.1563  g  subsunce:  18.75  ml  0.1  N  H1SO4;  0.2100  g 

substatKe:  16.9  ml  0.1  N  AgNO|.  0.1924  g  subsunce:  15.6  ml  0.1  N  AgNO^.  Found‘d:  N  16.44, 

16.8:  Cl  28.56,  28.78.  CiaH^^NgClt.  Calculated  M  16.80;  Cl  28.40. 

N-Phenyl-aminoacetamidine  ^(N-i^enyl«glycineamidine)-dihydrochlwide].  To  1.4’g  freshly  ixepared 
aminoacetiminomethyl  ether  dihydrochloride,  carefully  triturated  in  10  ml  absolute  ethet,  we  added  with  cool¬ 
ing  a  solution  of  1.5  ml  dry  aniline  in  8  ml  ether  and  allowed  the  reaction  mixture  to  sund  wi^  occasional  shak¬ 
ing.  A  noticeable  re-formation  of  the  precipitate  took  place  fairly  quickly.  After  10  hours  the  residue  was  fil¬ 
tered  by  suction  (protected  from  atmospheric  moisture),  washed  with  ether,  and  dried  in  a  vacuum  dessicator. 

Yield  1.9  g  (96<^  of  theoretical).  Colorless  substance,  fairly  readily  soluble  in  methyl  alcohol.  From  the  solu¬ 
tion,  ether  separated  a  yellowish  oil,  which  solidified  on  stirring  with  ether.  After  vacuum  drying  at  60*  we 
obtained  an  amorphous  brownish-white  material  widi  a  150-155*  melting  point  range  during  which  it  effervesced 
vigorously  and  decotiiposed. 

0.1473  g  subsunce:  20.13  ml  0.1  N  H1SO4.  0.1542  g  subsunce:  20.9  ml  0.1  N  H1SO4.  0.1038  g 

subsunce:  9.35  ml  0.1  N  AgNO^.  Found  <)(>:  N  19.13,  18.98;  Cl  31.97.  CiHuNjClf.  Calculated  <)(): 

N  18.91:  Cl  31.99. 

The  preparatiOD  was  readily  soluble  in  water  and  in  methyl  alcohol.  The  solutions  quickly  became  col¬ 
ored  on  standing,  becoming  more  imense  with  the  passage  of  time,  and  a  dark  precipitate  began  to  separate.  The 
rate  of  separation  of  pcecftHtate  could  be  increased  by  adding  sufficient  dilute  alkali  to  separate  dte  amidine  as  a 
free  base.  Addition  of  hydrogen  peroxide  or  passage  of  air  through  the  solution  very  considerably  accelerated  this 
process. 

Aqueous  FeClg  solution  gave  a  blood-red  colored  solution  with  N-phenyl-glycine-amidine  dihydrochloride, 
which  developed  a  dirty  bioam  color  on  sunding. 

N-Benzyl-<Uinethylaminoaceumidine-dipictate .  A  solution  of  2.5  g  benzylamide  in  a  siiull  quantity  of 
ether  was  added  with  cooling  to  1.3  g  dimethylaminoacetiminomethyl  ether  dihydrochloride  in  15  ml  absolute 
ether. 


After  3  hours  the  precipiute  was  suction  filtered  and  washed  well  with  ether.  Weight  2.5  g.  The  material 
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was  dissolved  in  absolute  ethyl  alcohol  and  filtered;  to  l^e  fUtrate  we  added  about  one  third  of  its  volmne  of  ether. 

The  precipitate  which  separated  was  filtered  by  suction  and  washed  with  ether.  Weight  0.4  g.  M.p,: 243-244*.  In 
a  mixed  melting  point  test  with  benzylamine  hydrochloride,  no  depression  was  obtained. 

We  then  added  twice  its  volume  of  ether  to  the  filtrate.  This  precipitate  was  washed  with  ether  and  dried 
in  a  vaccum  dessicator.  Weight  1.4  g.  Mp.  155-158*.  An  abundant  yellow  precipitate,  melting  at  219-220*,  was 
obtained  on  addition  of  a  solution  of  picric  acid  in  methyl  alcohol.  When  a  considerable  quantity'o/  ether  was 
added  to  the  previous  filtrate  an  additional  0.4  g  of  material  melting  at  156-160“  was  separated;  this  substance,  like 
the  laevious  fraction,, gave  a  compound  melting  at  219-220“  widi  picric  acid. 

The  total  yield  of  N-benzyl-dlmethylamlr?oacetamidin.e  dipiciate  was  3.8  g  (83°lo  of  theoretical).  The 
material  was  insoluble  in  water  and  ether  and  slightly  soluble  .In  methyl  and  ethyl  alcohol. 

2.370  mg  substance:  0.403  ml  (22“,  795  mm).  2.240  mg  sjMtance:  0,386  ml  Nj  (22.5“,  796  mm). 

Founder  N  19.29,  19.53.  Calca.lated  <7o:  N  19.41.,  ' ,  •  '  ,  ' 

N-Phenyl-dimeth.ylaminoacetamid:lpe-dip.~c.rate  We  dissolved  1.2  g  picric  acid  in  30  ml  absolute  methyl 
alcohol  and  added  0.7  ml  dry  aruline.  The  alcoholic  soIutiCHi  was  quickly  added  to  0.6  g  freshly  prepared  dimethyl- 
aminoacetiminomethyl  ether  dihydrocLloride.-  The  linino  eier  salt  rapidly  dissolved,  and  in  3-5  minutes  a  yellow 
crystalline  preciplute  of  amidine  dipicrate  began  to  separate.  The  precipitate  was  filtered  by  suction  after  2  hours, 
and  washed  twice  with  methyl  alcohol  and- then  with,  ether.  After  drying  in  a  vacuum  dessicator,  the  weight  of  sub- 
sunce  was  0.7  g(2V/o  of  theoretical).  M.p.  217^18“  (widi  decomp.).  The  substance  was  insoluble  in  ether,  very 
slightly  soluble  in  water,  and  slightly  soluble  hi  cold  methyl  alcohol.  In  attempts  to  recrystalliae  it  from  hot  methyl 
alcohol,  partial  decompositicHi  of  the  substance  was- observed. 

3.938  mg  substance:  1.261  mg  6,127  mg  COj,  4.220  mg  substance:  1.325  mg  H*0,  6.443  mg 

CO^.  2.636  mg  substance:  0.449  mi  (16°,  748  mm).  2.206  mg  substance:  0.375  ml  1^  (16. 5“, 

748  mm).  Found  C  41.92,  4T.6T;  'll  3.54,  3.51;  N  19.80,  19.73.  CaH,iOi4N9.  Calculated 

C  41.58;  H  3.31;  N  19.85.  .  .  • 

By  treating  a  solution  of  N-phenyl-dimediyiaminoacetamidine  dihyrochloride  in  methyl  alcShol  with  an 
alcoholic  solution  of  picric  acid^  a  yellow  precipitate  rapidly  began  to  separate;  this,  after  washing  with  alcohol  and 
edier,  and  drying  had  m.p,  217-218“.  S:  did  not  deiaess  the  melting  point  of  the  N-phenyl-dimethylamlnoacetamidine 
dipicrate  prepared  above. 

N-Glycyl-dimethylaminoacetamidine-dipicrate.  We  dissolved  0.4  g  glycine  in  20  ml  absolute  methyl  al¬ 
cohol  which  contained  1.5  g  picric  acid.  0.5  g  freshly  prepared  dimethylaminoacetiminomethyl  ether  dihydrochlor¬ 
ide  was  added  xo  the  solution  of  glycine  picrate;  it  dissolved  very  quickly.  The  transparent  solution  thus  prepared  soon 
began  to  deposit  yellow  crystals.  The  precipitate  which  formed  in  an  hour  was  filtered  by  sucti-on,  washed  with 
methyl  alcohol,  and  dried  in  a  vacuum  dessicatar,  Yield  0.6  g  (32%  of  thearetical).  M.P.  143-144*  (with  decomp,). 
The  substance  was  poorly  soluble  in  most  organic  solvents. 

5.570  mg  substance:  0,963  ml  Nj  (18“,  755  mm).  5.300  mg  substarxe:  0.920  mi  Nj  (18",  755  mm). 

Found  %:  N  20.15,  20.18.  Caiculated  %:  N  20.43. 

N-dj-Alanylglycylglycyl-dimethylaminoacetamidlne -dipicrate.  We  prepared  this,  by  the  pocedure  of  the 
preceding  experiment,  from  a  solution  of  0.15  g  ^-alanyigiycylglycme  and  0.5  g  picric  acid  m  10  ml  absolute  methyl 
alcohol  and  0.5  g  dimethylamlnoacetiminom.eth.yl  eiher  salt.  Yield  0.13  g  (20%  of  theoretical).  It  had  an  unshaip 
melting  point  of  about  120“.  It  was  somewhat  soluble  ih  methyl  alcohol. 

3.685  mg  substance:  0.689  ml  (26“,  74!^. mm).  4.530  mg  substance;  0.849  ml  1^  (27",  743  ml). 

Found  %:  N  20.73,  20.90.  CjgHj-PigNu;.  qaiculated  %:  N  20.68. 

N-Phe ny  1  -6 -dimethylam inopopylamid Ine -djh ydroc hloride .  To  1  g  freshily  prepared  6-dimethylamino- 
propyliminomethyl  ether  dihydrochloride,  suspended  in  1,0  ml  absolute  ether,  was  added  a  solution  of  1  ml  dry  ani¬ 
line  in  a  small  quantity  of  ether  and  the  mixtuie  allowed  to  stand  for  thiee  days  with  occasional  shaking.  The  pre¬ 
cipitate  which  fpmed  in  this  period  was  filtered  by  suction  and  wasned  several  times  with,  ether.  Yield  1.4  g.  The 
substance  was  dissolved  m  hot  absolute  methyl  alcdtiol,  and  a  sniali  quantity  of  absolute  ather  added  to  the  solution 
after  cooling.  After  a  short  while  it  was  filte.ved  by  suction.  0,1  g  ammonium  chloride  was  on  the  filter.’  F-arther  ad¬ 
dition  of  dry  ether  to  the  filtrate  caused  the  separation  of  a  finely  -crystalline  material,  which  was  suction  filtered 
and  washed  with  ether.  Weight  1  g.  After  two  reciystailizations  from  absolute  ethyl  alc«rfiol,  we  obtained  color¬ 
less  crystals  with  m.p.  176-177.5“,  The  material  was  re-adily  soluble  in  water  and  in  methyl  alcohol  and  was  diffi¬ 
cultly  soluble  in  ethyl  alcohol. 
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0,1290  g  substance:  14.6  ml  0.1  N.  H1SO4  (Kjeldahl).  0.1454  g  substance:  16.75  ml  0.1  N 

0.1294  g  substance:  9.86  ml  0.1  N.  AgNO,  (Volhard).  Found  N  15.85,  16.12;  Cl  27.10.. 

CuHi^jCl,.  Calculated  «]o'.  N  15,90;  Cl  28.90. 

N,  N*-Diphenyl“ B-<iimethylaminopropylamidine-dihyrochloride.  A  solution  of  4  ml  aniline  in  a  nnall 
quantity  of  dry  ether  was  added  to  2.2  g  freshly  prepared  O-dinoethyl-aminoivopyliminomethyl  ether  dihydiochlor' 
ide  triturated  in  10  ml  absolute  ether.  The  mixture  was  let  stand  for  two  days  widi  occasional  shaking.  At  the 
end  of  this  time  a  semi-solid  material  had  settled  to  the  bottom  of  the  reaction  vessel.  We  added  double  the 
volume  of  dry  ether  (f(V  more  complete  separation  of  the  substance  which,  because  of  high  aniline  concentra¬ 
tion, was  partially  in  solution),  and,  after  a  short  while,  carefully  decanted  the  reaction  liquid  from  the  residue. 

The  residue  was  ground  up  several  times  with  ether  for  separation  of  unreacted  amine  and  then  dissolved  in  a 
small  quantity  of  absolute  ethyl  alcohol.  Undissolved  ammonium  chloride  was  removed  by  filtration,  and  an 
ether  solution  of  hydrogen  chloride  added  to  the  filtrate  until  slightly  acid.  In  order  to  s^arate  the  material  more 
completely  ,  we  added  still  more  ether,  and  then,  when  precipitation  was  complete,  filtered  the  residue,  washed 
it  with  ether,  and  dried  it  in  a  vacuum  dessicator.  Yield  3.5  g.  It  was  twice  recrystallized  from  absolute  ethyl 
alcohol,  yielding  a  colorless  crystalline  material  which  was  readily  soluble  in  water  and  methyl  alcohol  and 
somewhat  less  soluble  in  ethyl  alcohol.  Mp.  193-194*. 

O. 1292  g  substance:  11.6  ml  0.1  N.  (Kjeldahl).  0.2014  g  substance:  18.25  ml  0.1  N  H1SO4. 

0,2048  g  substance:  12.25  ml  0.1  N  AgNO|  (Volhard).  Found  N  12.56,  12.68.  Cl  21.23. 

Cj7H,yN|Cl,.  Calculated  <%:  N  12.35:  Cl  20.89. 

Picrate  treatment  of  aminoisobutyroiminomethyl  ether  dihyrochloride.  15  ml  dry  pyridine  was  added 
with  cooling  to  3  g  aminoisobutyroiminomethyl  ether  dihydrochloride.  The  imino-ether  salt  dissolved  amoit  com¬ 
pletely  in  15-20  minutes  with  periodic  agitation  and  a  colorless  resinoqs  precipitate  began  to  form.  After  an  hour 
the  pyridine  was  poured  off  and  the  residue  washed  and  triturated  several  times  with  chloroform  and  then  vridi 
ether.  The  residue  was  dissolved  in  methyl  alcohol  and  an  excess  of  ether  then  added  to  the  solution.  A  crys¬ 
talline  precipitate  separated,  which  we  removed  by  filtration  and  washed  with  ether.  After  recrystallization  from 
methyl  alcohol  its  m.p.  was  264-266*  (with  decomp.).  The  material  was  readily  soluble  in  water  and  less  soluble 
in  methyl  and  ethyl  alcohol.  In  aqueous  solution  it  formed  a  violet  complex  with  copper  salts  and  alkali. 

3.52  mg  substance:  4.485  mg  CO|;  2.559  mg  H^O.  1.955  mg  substance:  0.350  ml  N|(15.5*,  724  mm). 

Found  <5b:  C  34.77;  H  8.13;  N  20.18.  C4HiiON,Cl.  Calculated  <5b:  C  34.78;  H  7.95,  N  20.2. 

The  prepared  material  thus  appears  to  have  been  aminoisobutyramide  hydrochloride.  The  same  mat¬ 
erial  is  obtained  by  treatment  of  the  imino-ether  salt  with  the  theoretical  quantity  of  pyridine  in  absolute  methyl 
alcohol. 


SUMMARY 

1.  We  prepared  a  group  of  N-substltuted  amino  acid  amidines,  as  follows:  N-phenylaminoacetamidine, 
N-phenyl-dimethyl-aminoaceumidine,  N-glycyldimethylaminoacetamidine,  N-glycylglycyl-dimethylamino-aceta- 
midine,  N-^-alanylglycylglycyl-dimethylaminoacetamidine.  The  picrates  formed  readilyt  in  most  cases,  immed¬ 
iately  following  mixing  the  dimethylaminoacetiminomethyl  ether  salt  with  the  picrate  of  the  conesponding  amine 
in  alcoholic  solution. 

2.  We  noted  the  tendency  of  a-amino  acid  imino-ethers  to  yield  only  the  mono-substituted  amidine, 
whereas  6-dimethylamino];»:opyliminomethyl  ether  on  reaction  with  aniline  under  analogous  conditions  readily  gave, 
depending  on  the  reagent  ratio,  either  the  mono  or  the  di-substituted  amidine. 

3 .  Treatment  of  aminoisobutyroiminomethyl  ether  dihydrochloride  with  pyridine  gave  aminoisobutyi- 
amide  hydrochloride.  Similar  treatment  of  aminoacetiminomethyl  ether  dihydrochloride  produced  a  material 
of  undetermined  structure. 
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'  Trichloride 


THE  SULFONATION  REACTION 
XXV.  SOME  PROPERTIES  OF  NAPHTHALENE  TRISULFONYLCHLORIDES 


A.  A.  Spryskov 


Of  the  three  naphthalene  trisulfonlc  acids  whidi  can  be  prepared  by  direct  sulfonation,  the  l,3,6*ttisulfonic 
has  considerable  technical  value  for  preparation  of  H-acid  while  the  1,3,5-acid  has  some  importance.  Ihis,  of  course, 
does  not  mean  that  the  l,3,7nacid  does  not  have  any  application.  One  of  the  reasons  for  the  insufficiently  wide  utili¬ 
zation  of  all  the  naphthalene  trisulfonlc  acids  appears  to  be  the  lack  of  a  practical  method  for  separation  of  the  sul¬ 
fonation  mixture  into  separate  isomers  because  the  properties  of  the  trisulfonlc  acids  and  their  derivatives  have  been 
very  incompletely  studied.  Data  on  solubility  of  the  trisulfbnylchlorides  in  several  solvents  as  well  as  data  on  thermal 
analysis  of  their  mixtures  may  be  of  considerable  help  in  investigating  mixed  naphthalene  trisulfonlc  acids. 

We  give  below  results  obtained  for  the  solubility  in  benzene  of  1,3,5-,  1,3,6-  and  1,3,7-naphthalenetrisul- 
fonylchlorides  and  the  thermal  analysis  of  binary  mixtures  of  the  trisulfonylchlorides. 

Solubility  of  Naphthalene-trisulfonylchlorides  in  benzene  Results  of  determination  of  ben- 


(grams  of  substance  per  100  g  solvent)  zene  solubility  of  the  trisulfonylchlorides  at 

nAO  AAO  ..... 

l,3,5Hrichloride  i 

1,3,6-trichloride 

^  ^  .  .  ,  ,  .  ,  «uiu  ov;  diC  Kivcii  ill  iiic  uiuic.  luc  ca* 

1,3,7-trichloride  .  ,  ,  .  ,  „  ^ 

at  20"  i  at  30"  1 

at  20"  at  30" 

- -  1  _ « . '  periments  showed  that  the  1,3,5-  isomer  was 

at  20  1  at  30  ,  , ,,  ,  . ,  ,  , 

14.55  '  17.50  ■ 

14.65  17.54 

14.63  ! 

10,64  1480 

10.63  14.85 

10.87 

- j -  the  most  readily  soluble  and  that  the  1,3,6- 

0.86  :  1.45  isomer  was  somewhat  less  soluble.  The  sol- 

0.86  I  1.46  ubility  of  the  1,3,7-isomet  was  substantially 

0.83  1  1.48  different  from  that  of  the  first  two.  This 

^  difference  in  solubility  allows  separation  of 

the  1,3, 7 -chloride  from  the  1,3,5-  and  1,3,6-chlorides  by  treatment  of  the  mixture  with  benzene. 

In  complete  sulfonation  of  naphthalene  a  mix¬ 
ture  of  only  two  acids  is  obtained:  1,3,6-naphthalene- 
trisulfonic  acid  and  1,3,5,7-naphthalene-tetrasulfonic 
acid.  This  prompted  us  also  to  determine  the  benzene 
solubility  of  1,3,5,7-naphthalene-tetrasulfonylchloride 
at  20".  The  test  showed  that  the  tetrachloride  was  very 
slightly  soluble  in  benzene.  Thus,  we  found  (from  the 
residue  after  evaporating  benzene  from  a  saturated 
chloride  solution)  that  100  g  benzene  dissolved  0.02  g 
tetrachloride  (average  of  0.021,  0.023,  0.030)  Ben¬ 
zene  treatment  would  thus  readily  and  completely 
separate  the  tetrachloride  from  the  1,3,6-trichloride 
in  i^oducts  obtained  by  exhaustive  sulfonauon. 

Results  of  thermal  analysis  of  binary  mixtures 
of  1,3,5-,  1,3,6-  and  1,3, 7 -trisulfonylchlorides  ate 
given  in  Figures  1,  2,  and  3.  The  results  show  that 
the  trisulfonylchlorides  do  not  form  chemical  com¬ 
pounds  with  each  other.  The  1,3,5-  and  1,3,6-chloride 
system  has  a  eutectic  point  at  127",  composition  of 
which  corresponds  to  74<5fc  of  the  l,3,5^isomer. 


Figure  1. 
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Figure  2. 

Solubility  determinations  were  made  in  a 
Pavlevsky  apparatus  [2],  supplemented  by  a  stirrer  in 
the  saturated  solution  conuiner .  The  entire  appara¬ 
tus  was  mounted  in  a  thermostat,  the  temperature  of 
which  was  held  with  0. 1*  of  the  values  given  in  the 
table.  Each  run  lasted  1.5  to  7  hours,  with  stining. 

The  data  for  the  thermal  equilibrium  dia¬ 
grams  were  obtained  in  the  following  manner..  The 
mixture  of  isomers  was  dissolved  in  benzene  and  the 
solvent  evaporated.  The  residue  was  placed  in  a  cap¬ 
illary  and  heated  in  an  apparatus  for  melting  point  de>  . 
terminatioa  The  temperatures.  2  which  the  first  trace 
of  liquid  appeared  and  at  which  the  last  trace  of  crys¬ 
tals  disappeared  were  observed.  Heating  took  place 
sufficiently  slowly  that  the  temperature  rose  1*  in 
about  5  minutes,  and  the  determination  was  repeated 
3  or  more  times. 

P.  T.  Pestov  collaborated  in  this  work. 


The  1,3,5-  and  1,3,7-isomer  system  has  a  121* 
eutectic  point,  corresponding  composition  61<^  1,3,5- 
isomer;  and  the  1,3,6-,  1,3,7-  isomer  system  has  a 
eutectic  point  of  144*  with  a  corresponding  composi¬ 
tion  of  35fljS>  1,3,6-isomer. 

It  was  shown  in  one  of  our  papers  [1]  that 
l,7^aphthalene-disulfonylchloride  gave,  by  reaction 
with  chlorsulfonic  acid,  a  mixture  of  1,3,5-  and  1,3,7- 
trisulfonylchlorides  which  melted  at  135-144*.  Based 
on  these  equilibrium  thermal  diagrams,  we  may  con¬ 
clude  that  sulfonation  of  1,7-disulfonylchloride  yields 
about  4^  1,3,7-  and  96<^  1,3,5-trisulfonylchlorlde. 

In  sulfonation  of  1,3-naphthalene  disulfonyl- 
chloride  we  obtained  a  mixture  of  all  three  trisulfon- 
ylchlorides,  inasmuch  as  the  sulfonation  product  melted 
at  a  temperature  below  the  eutectic  point  of  any  of 
the  binary  mixtures. 

.  EXPERIMENTAL 

For  the  tests  we  used  1,3,5-naphthalene- 
trisulfonylchloride  with  m.p.  146*.  1,3,6-chlotide 
with  m.p.  198*,  and  1,3,7-  chloride  widi  m.p.  16555*, 
and  benzene  with  a  5*  solidification  temperature. 


Figure  3. 


SUMMARY 

1..  The  solubility  of  1,3,5-,  1,3,6-,  and  1,3,7-naphthalene-trisulfonylchloride  and  of  1,3,5,7-naphthalene- 
tetrasulfonylchloride  in  benzene  at  20*  and  30*  has  been  determined. 

2.  Thermal  equilibrium  diagrams  have  been  prepared  for  the  binary  systems:  1,3,5-  and  1,3,6-Crichl(»ide, 
1,3,5- and  1,3, 7 -trichloride,  and  1,3,6- and  1,3,7-trichloride. 
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3-ETHYLIMIDOSULFAMIDE  AND  ETHYLSULF AMIDE 


A.  V.  Kirsanov  and  Yu.  M.  Zolotov 


S-Ethylimidosulfamide  was  prepared  with  a  20. 4<^  of  theoretical  yield  by  action  of  ethyl  iodide  on  the  sil¬ 
ver  salt  of  imidosulfamide.  The  very  same  ethylimidosulfamide  was  also  prepared  by  reaction  of  diazoethane  on 
free  imidosulfamide  with  a  yield  which  was  86. of  the  theoretical  quantity.  The  formation  of  ethylimidosulfamide 
by  this  procedure  shows,  as  does  neutrality  of  its  freshly  {vepared  aqueous  solution,  that  a  hydrogen  atom  of  the  ethyl 
group  is  replaced  by  a  middle  nitrogen  atom. 

Thus,  as  does  3-methylimidosulfamide  [1],  3-ethylimido8ulfamide  readily  hydrolyzes  completely  with  for¬ 
mation  of  sulfamic  acid  and  ethylsulfamide. 


EXPERIMENTAL 

Ethylation  of  silver  salt  of  imidosulfamide  by  ethyl  iodide.  Preliminary  experiments  showed  that  when  a 
mixture  of  imidosulfamide  silver  salt  stands  at  room  temperature  with  excess  ethyl  iodide,  almost  exactly  one  mole¬ 
cule  of  ethyl  iodide  enters  the  reaction,  although  only  20.4<^  ethylimidosulfamide  is  thus  formed.  The  rest  of  the 
ethyl  iodide  is  used  up,  evidently  by  formation  of  polyethylated  imidosulfamide  from  the  reaction  products.  Conse¬ 
quently  39,9'^  of  the  innidosulfamide  reacted  with  of  the  ethyl  iodide.  It  therefore  follows  that  the  polyethylated 
products  are  mainly  diethylimidosulfamide.  Actually,  the  yield  of  noncrystalline  oily  reaction  product  is  in  good  agree¬ 
ment  with  these  calculations.  One  of  these  experiments  is  described. 

A  mixture  of  0.01 .  mole  crushed  anhydrous  silver  salt  of  imidosulfamide  (2.82  g)  and  3.0  ml  ethyl 
idodide  was  allowed  to  stand  for  four  days  at  room  temperature  in  the  dark.  During  this  time  the  colorless  silver  salt 
of  imidosulfamide  was  converted  into  light  green  silver  iodide.  Excess  ethyl  iodide  was  vaporized  under  vacuum  at 
40*.  The  reaction  mixture  weighed  4.36  g  after  this;  consequently  1.54  g  ethyl  iodide  reacted,  i.e.,  98.7^  of  the 
theoretical  quantity.  The  dry  mass  was  extracted  twice  by  (125  ml)  boiling  benzene.  From  the  first  portion,  0.31  g 
3-ethylimidosulfamide  crystallized  on  cooling  as  snow-white,  fine,  matted  needles.  The  product  was  filtered  by  suc¬ 
tion  and  washed  with  benzene.  Nothing  separated  from  the  second  portion.  The  mother  liquor  and  second  portion 
were  combined  and  concentrated  on  a  water  bath  to  a  25  ml  volume.  After  a  day,  an  additional  0.10  g  of  matted 
needles  separated.  Total  yield  of  3-ethylimidosulfamide  was  0.41  g,  i.e.,  20. 4<^  of  the  the(»etical  quantity. 

The  mother  liquor  was  evaporated  to  dryness  at  60*  under  vacuum.  0.82  g  of  an  oily  noncrystalline  product 
was  obtained  as  a  residue.  If  we  regard  this  material  as  mainly  composed  of  diethylimidosulfamides,  the  yield  of 
this  corresi>onds  to  35. 4<^  of  theoretical. 

The  residue  after  extraction  of  ethylated  products  by  boiling  benzene  appeared  to  be  a  mixture  of  silver 
iodide  and  free  imidosulfamide.  In  order  to  separate  the  latter  mixture,  we  extracted  it  four  times  with  15.0  ml 
portions  of  ethyl  acetate.  We  added  some  activated  carbon  to  the  turbid  extract;  after  filtration  the  colorless,  trans¬ 
parent  filtrate  was  evaporated  to  dryness  at  40*  under  vacuum.  In  order  to  remove  the  small  quantity  of  ethylated 
imidosulfamides  present  in  the  crystalline  residue,  it  was  washed  twice  with  50  ml  portions  of  boiling  benzene  and 
then  dried  under  vacuum.  The  yield  of  free  imidosulfamide  was  0.69  g,  i.e.,  39.7^  of  the  theoretical  quantity; 
m.p.  154-158*.  After  recrystallization  from  acetone  with  benzene  it  gave  fine  needles,  m.p.  163-165*. 

Thus,  overall  reaction  balance  is:  free  imidosulfamide  39  3-ethylimidosulfamide  20.4*5^,  oily  pro¬ 
ducts  (considered  as  diethylimidosulfamides)  35.^.  Sum,  95.5^  of  theoretical.  This  agreement  confirms  the  as¬ 
sumption  that  the  oily  i»oduct  mainly  consists  of  diethylimidosulfamides. 

3 -Ethylimidosulfamide  was  a  colorless  crystalline  material,  readily  soluble  in  water,  alcohol,  acetone, 
ether,  and  ethyl  acetate;  it  was  very  difficulty  soluble  in  cold  benzene  -  somewhat  better  in  boiling  benzene.  Small 
quantities  of  3-ethylimidosulfamide  can  be  conveniently  crystallized  from  benzene,  larger  quantities -from  a  mixture 
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of  ether  and  benzene.  When  re  crystallized  from  benzene,  3-ethylimidosulfamide  gave  fine  matted  needles.  When 
heated  in  a  capillary,  3-ethylimidosulfamide  melted  without  decomposition  at  113-115*,  i.e.,  almost  the  same  as  3- 
methylimidosulfamide  (113-114*). 

A  freshly  prepared  aqueous  solution  of  3-ethylimidosulfamide  was  neutral  to  Congo  red  and  had  a  weak 
bitterish  taste:  however,  even  in  a  few  minutes  at  room  temperature  the  reaction  to  Congo  red  became  acid  and  it 
developed  an  intensely  acid  taste,  which  indicates  how  quickly  hydrolysis  occurred. 

0.0414  g  subsunce:  0.0178  g  CO|;  0.0162  g  H,0.  0.0608  g  substance.  0.0263  g  CO,;  0.0250  g  H|0. 

Found  C  11.73,  11 .80;  H  4.36,  4.60.  CjHiO^NjS,.  Calculated*^:  C  11.83;  H  4.46. 

Ethylation  of  free  imidosulfamlde  with  diazoethane.  To  a  mixture  of  0.02  :  mole  crushed  imido- 

lulfamide  (3.5  g)  in  75  ml  absolute  ether  at  a  temperature  of  about  10*,  we  added  in  small  portions  while  vigor¬ 
ously  stirring  by  hand,  about  0.02  i  mole  diazoethane  as  an  approximately  0.2  N  ether  solution.  After  each 
addition  the  mixture  began  to  turn  yellow,  and  then  decolorized  with  liberation  of  nitrogen.  The  imidosulfamide 
gradually  went  into  solution.  We  stopped  adding  the  diazoethane  solution  when  the  yellow  color  lasted  for  more 
than  one  minute. 

0.5  g  dry  activated  carbon  was  added  to  the  turbid  ether  solution,  and  filtered.  The  entire  colorless 
transparent  solution  was  concentrated  on  a  water  bath  to  a  volume  of  about  40  ml  during  which  it  began  to  crys¬ 
tallize.  200  ml  absolute  benzene  was  added  to  the  warm  solution,  while  stirring  smoothly,  and  it  was  allowed  to 
crystallize  for  3-4  hours. 

The  precipiuted  3-ethylimidosulfamide  was  filtered  by  suction,  washed  with  benzene,  and  dried  in  a 
vacuum  dessicator.  Yield  2.63  g,  m.p.  108*110*.  The  mother  liquor  was  evaporated  to  a  50  ml  volume,  and  the 
crystals  which  separated  suction  filtered  and  washed  with  benzene:  yield  0.39  g,  m.p.  111-113*.  Total  yield  3.02  g, 
i.e.,  86.3^  of  the dieoretical  quantity. 

For  purification,  the  3-ethylimidosulfamlde  was  either  dissolved  in  ether  and  precipitated  by  addition  of 
five  volumes  of  benzene,  or  it  was  recrystallized  from  a  large  volume  of  boiling  benzene.  Pure  3-ethylimidosulfa¬ 
mide  melted  at  113-115*  (uncorr.)  without  decomposition  and  did  not  dei»ess  the  melting  point  of  3-ethylimidosul- 
famide  prepared  from  imidosulfamide  silver  salt  and  ethyl  iodide. 

Saponification  of  3-ethylimidosulfamide.  Preparation  of  ethylsulfamide.  2.63  g  3-ethylimidosulfamide 
was  added  to  10.0  ml  water:  the  solution  was  quicldy brought  to  a  boil,  cooled,  and  evaporated  to  dryness  under  vacuum 
on  a  water  bath  heated  to  25*.  The  dry  residue  was  extracted  with  acetone  and  the  acetone  solution  evaporated  to 
dryness  under  vacuum.  The  residue  was  ethylsulfamide  in  the  form  of  a  colorless  oil,  which  when  cooled  and  vig¬ 
orously  rubbed  with  a  glass  rod  began  to  crystallize.  Yield  of  ethylsulfamide  was  1.31  g,  i.e.,  81.4<55>  of  the  theor¬ 
etical  quantity.  For  purification,  the  product  was  extracted  by  boUing  benzene.  Combined  benzene  solutions  were 
concentrated  under  vacuum  to  25  ml,  and  this  solution  allowed  to  crystallize  at  10*  Within  a  day  fine  needles  separated 
which  were  similar  to  glass  wool;  they  were  suction  filtered,  washed  with  benzene,  and  dried  under  vacuum.  Yield 
0.85  g,  m.p.  30-32*  (  uncOTr.).  For  further  purification,  the  product  was  dissolved  in  1.5  ml  acetone  and  15  ml  ben¬ 
zene  added  to  the  solution.  The  crystals  which  separated  were  washed  with  benzene  and  dried.  Yield  0.63  g,  m.p. 
33-35*.  Melting  point  was  not  increased  by  subsequent  recrystallization. 

Ethylsulfamide  was  a  colorless  crystalline  material,  readily  soluble  in  water,  ethyl  acetate,  and  acetone. 

It  dissolved  with  difficulty  in  cold  benzene,  somewhat  better  in  hot.  Aqueous  solutions  of  ethylsulfamide  were  neu¬ 
tral.  Ethylsulfamide  crystallized  f  rom  benzene  as  fine  needles,  similar  to  glass  wool.  On  evaporation  of  solutions 
in  ethyl  acetate,  ethylsulfamide  separated  as  short  prisms.  Pure  ethylsulfamide  melts  without  decomposition  at 
33-35*  (uncorr.). 

0.0057  g  substance:  1.088  ml  N,  (15*,  755  mm).  Found  <5l):  N  22.47.  C,H,0,N,S.  Calculated  <5l):  N  22.57. 

SUMMARY 

3-Ethylimidosulfamide  was  made  both  by  action  of  ethyl  iodide  on  imidosulfamide  silver  salt  and  by  ac¬ 
tion  of  diazoethane  on  free  imidosulfamide.  Its  properties  have  been  described.  By  hydrolysis  of  3-ethylimidosulfamide 
we  ixe pared  ethylsulfamide  and  reported  its  ixoperties. 
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ALKYLATION  OF  AMINES  BY  D I A  LK  Y  LPHOS  PHORYL  CHLORIDES 


B.  P.  Lugovkin  and  B.  A.  Arbuzov 


As  a  development  of  oiir  work  [1]  on  synthesis  of  ethyl  phosphonic  acid  esters  containing  heterocyclic 
radicals,  we  studied  the  reaction  of  diethyl-  and  dibutylphosphoryl  chlorides  on  carbazole  trying  to  [vepare  esters 
of  Niphosphono-carbazole. 


+  ClPO(OR), 


NH 

Experiments  with  diethylphosphoryl  chloride  and  carbazole  in  benzene  and  toluene  media  did  not  give 
positive  results.  Despite  heating  for  many  hours,  the  carbazole  remained  unchanged. 


N 

1^0(0R), 


+  HCl 


When  carbazole  and  diethylphosphoryl  chloride  were  heated  without  solvent  at  a  temperature  of  210*,  a 
vigorous  reaction  took  place  with  evolution  of  ethyl  chloride  and  hydrogen  chloride.  The  reaction  results  were 
somewhat  unexpected.  N-ethylcarbazole  was  separated  to  the  extent  of  25*^.  In  the  case  of  reaction  with  dibutyl 
phosphoryl  chloride,  N-butylcarbazole,  in  the  amount  of  29^,  was  separated. 


Having  come  upon  this  interesting  case  of  alkylation  by  dialky Iphosidioryl  chlorides,  we  extended  the  study 
to  include  reaction  of  dialkylphosphoryl  chlorides  with  other  materials  containing  primary  and  secondary  amino 
groups.  When  diphenylamine  was  heated  with  dimethylphosphoryl  or  diethylphosi^oryl  chlorides  a  violent  reaction 
occurred;  the  corresponding  alkyl  halide  and  hydrogen  chloride  were  liberated,  and  N-methyldiphenylamine  (yield 
69^  of  theoretical)  or  N-ethyldiphenylamine  (yield  83‘5S>  of  theoretical)  was  formed. 

The  large  yields  of  N-substituted  diphenylamines  gives  this  reaction  interest  from  the  point  of  view  of 
synthesis,  because  other  methods  for  preparing  alkyldiphenylamines  do  not  give  high  yields  (with  diethyl  sulfate 
the  yield  of  N-ethyldiphenylamine  is  39*70  [2]).  The  acid  chlorides  of  dialkylphosphoric  acids  are  available, 
nowadays,  in  view  of  the  method  for  their  preparation  by  chlorination  of  dialkylphosphoric  acids. 


Of  the  amines  with  primary  amino  groups  we  took  aniline  and  6-naphthylamine.  The  reaction  with 
aniline  took  place  in  two  stages.  The  first  stage  occurred  during  heating  to  110-125*  and  was  associated  with 
liberation  of  the  alkyl  (ethyl)  chloride  and  hydrogen  chloride.  The  second  stage  took  place  at  190*  and  was 
accompanied  by  evolution  of  considerable  heat.  As  a  result  of  the  action  of  excess  diethylphosphoryl  chloride 
we  obtained  diethylaniline  with  a  yield  87<7o  of  theoretical. 


The  reaction  of  diethylphosphoryl  chloride  on  0  -naphthylamine  proceeded  similarly.  As  a  result  we 
obtained  N-diethyl -6 -naphthylamine  with  a  yield  88*7)  of  theoretical.  Unheated  a-aminopyridine  and  dimethyl- 
phosirfioryl  chloride  reacted  violently  and  resulted  in  a  temperature  lise  to  230*.  N^ethyl-pyridonenmine  was 
separated  from  the  reaction  i^oducts  in  a  29*7)01  theoretical  yield. 

In  order  to  examine  the  nature  of  the  reaction  of  dialkylphosphoryl  chlMides  on  amides,  we  performed  an 
experiment  on  the  action  of  dimethyiphosphOTyl  chloride  on  benzamide.  As  a  result  of  this  experiment,  we  separa¬ 
ted  N-methylbenzamide  to  the  extent  of  34*7)  of  the  theoretical  yield. 

The  alkylation  reaction  using  organic  derivatives  of  phosphoric  acid  does  not  appear  new.  Completely 
esterified  i^iosphoric  acid,  in  the  presence  of  alcoholates,  alkylates  alcohols  [3]  and  phenols  [4).  Alkylation  of 
amines  by  completely  esterified  phosphoric  acid  has  been  described.  Billman,  Radike,  and  Mundy  [5]  alkylated 
aniline  and  a  -  and  6 -naphthylamines  using  fully  esterified  phosphoric  acid  and  prepared  the  corresponding 
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dialkylarylamines  in  good  yield  according  to  the  equation: 


3Ar-NHi  +2(RO)jPO - ►  3Ai^N(R)j  +2HJPO4. 

Rueggerberg  and  Chernack  [3]  prepared  N-ethylmorpholine  from  morpholine  and  triethyl  phosphate. 
Rueggerberg  and  Chernack  assume  the  formation  of  ammonium  salts  in  reaction  of  an  amine  with  phosphoric 
acid  esters.  The  latter,  under  the  action  of  alkali,  alkylates  the  amine. 


CH,-CH, 

(CH.Oh|  ^  O  W.H.. 

O—  CH|-CH| 

Formation  of  ammonium  salts  as  intermediate  products  is  also  assumed  by  Todd,  Baddiley,  Clark,  and 
Michalski  [6]  for  the  reaction  of  dibenzylphosphoryl  chloride  on  tertiary  amines.  The  ammonium  salt  decomposes 
according  to  the  scheme: 

R,N+(C,H^CH,K)),PC)C1-^[R^^W:H,C,H,]♦  rO-P(OCH,CeH5)Cl-|-  ,+  ^  >  O 

L  J  - ^(R,N-CH,-C,H^^Clj  +  C,HBCH,0-P^ 

As  far  as  the  mechanism  of  amine  alkylation  by  reaction  with  dialkylphosphoryl  chloride  is  concerned, 
although  it  is  given  in  the  present  paper,  we  do  not  regard  it  as  explained. 

A.  E.  Arbuzov  and  B.  P.  Lugovkin  [7],  and  McCombie,  Saunders,  and  Stacey  [8]  have  shown  that  the  acid 
chlorides  of  dialkylphosphoric  acids  react  widi  aniline  to  form  diethylphosphoric  acid  anilides  and  aniline  hydro¬ 
chloride.  Evidently,  these  products  must  form  first  before  the  reaction  described  in  the  present  paper. 

In  order  to  investigate  the  possibility  of  forming  alkylated  amines  from  dialkylphosphoric  acid  anilides  on 
heating,  we  performed  a  test  in  which  we  heated  the  anilide  of  diethylphosphoric  acid.  When  heated  to  230*  a 
violent  reaction  took  place,  and  the  liquid  separated  into  two  layers.  On  cooling  the  upper  layer  was  an  oily 
liquid  while  the  lower  layer  was  a  solid  glassy  material.  Treatment  of  the  solid  material  with  alkali  gave  an 
additional  quantity  of  the  oily  product.  This  oily  material  was  shown  to  be  diethylaniline.  Yield  85.2*^  bf 
theoretical.  Heating  diethylphosphoric  acid  anilide  in  presence  of  2  moles  of  aniline  hydrochloride  leads  to 
formation  of  ethylaniline. 

It  thus  seems  that  amine  alkylation,  in  the  given  cases,  takes  place  via  thermal  decomposition  of  initially 
formed  anilides. 


With  regard  to  the  manner  of  formation  of  diethylaniline  from  the  anilide,  we  propose  the  following. 


preliminary  scheme : 

^OC,H, 

C,IV-NH-P. 

6  OCjHb 


EXPERIMENTAL 


Reaction  of  diethylphosphoryl  chloride  and  carbazole.  Test  L  To  10  g  carbazole  in  40  ml  dry  benzene  we 
added  18.2  g  diethylphosphoryl  chloride  (b.p.  82*  at  11  mm,  nj[)®  1.4169,  d|8  1.1953  [9]).  This  was  heated  at  the 
boiling  point  of  benzene  for  6  hours.  After  distillation  of  benzene,  we  recovered  the  starting  materials,  as  follows 
8.3  g  carbazole  (m.p.  238*,  mixture  test  238*)  and  9.7  g  acid  chloride  (b.p.  77*  at  7  mm,  n^  1.4185,  d|*  1.1937. 

Test  IL  A  mixture  of  9.7  g  carbazole,  12.8  g  acid  chloride,  10  g  freshly  distilled  dimethylaniline,  and 
40  ml  dry  toluene  was  heated  at  the  temperature  of  boiling  toluene  for  6  hours.  After  an  hour  of  heating  the 
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reaction  mixture  separated  into  two  layers.  We  extracted  from  the  toluene  solution  1  g  carbazole  and  3  g 
dimethylaniline  (b.p.  61-62*  at  5  mm,  np  1.5442,  dfj  0.9630).  By  treating  the  lower  layer  with  water  we 
separated  8.3  g  unchanged  carbazole,  i.e.,  a  total  of  9.3  g  carbazole  recovered  (m.p.  237-238*,  mixture 
test  237-238*).  On  alkalization  with  NaOH,  5  g  dimethylaniline  was  separated. 

Test  in.  9  g  acid  chloride  was  added  to  6.8  g  carbazole.  On  heating  (in  a  Claissen  flask)  on  a  Wood's 
metal  bath,  a  violent  reaction  took  place  with  separation  of  C1H5CI  and  HCl:  the  temperature  rose  to  21(T*.  The 
reaction  product  was  dissolved  in  absolute  alcohol  with  boiling.  Extended  cooling  (to  minus  10*,  on  the  average) 
partially  separated  die  unchanged  carbazole.  The  recovered  carbazole  weighed  1.2  g  (m.p.  234*).  After  distilla¬ 
tion  of  the  alcohol,  the  residue,  which  was  a  thick  liquid,  was  vacuum  distilled  at  5  mm  and  167-169*.  An  oily 
liquid  (3.8  g)  was  distilled  which  crystallized  on  cooling.  After  recrysullization  from  alcohol  we  obtained  2  g 
(25^)  N-ethyl-carbazole.  The  picrate,  recrystallized  from  alcohol,  formed  dark-red-colored  small  needles  which 
melted  at  97-98*.  A  mixture  test  with  synthetic  N-ethylcarbazole  (m.p.  100*)  melted  at  100-101*.  The  N-ethyl- 
carbazole  (m.p.  100*)  melted  at  100-101*.  The  N-ethylcarbazole  separated  by  decomposing  the  picrate  by  an 
aqueous  solution  of  ammonia  melted  at  68-69*  (mixture  test). 

Reaction  of  di-n-butylphosiAiotyl  chloride  on  carbazole.  We  added  to  6  g  carbazole  8.4  g  di-n-butyl 
phosphate  acid  chloride  (b.p.  117*  at  8  mm,  nj^  1.4310,  d|'  1.0824  [10]).  At  a  temperature  of  170-175*  a 
reaction  took  place  with  release  of  hydrogen  chloride  which  lasted  for  15  minutes.  We  added  an  additional 
5.3  g  acid  chloride  to  the  residue.  Heating  was  continued  at  135-140*  for  45  minutes.  On  distillation  under 
a  3  mm  vacuum  a  crystalline  and  oily  product  (7.3  g)  distilled  at  200-208*.  The  tarry  residue  (5.4  g)  was 
not  investigated.  The  distilled  material  was  dissolved  in  absolute  alcohol  and  on  extensive  cooling  (on  the 
average  to  minus  10*)  unchanged  carbazole  partially  separated  (2.8  g,  m.p.  of  picrate  179-181*;  mixture  test 
180*;  lit.  values  182*,  186*).  Following  distillation  of  the  alcohol,  the  thick  liquid  was  again  distilled  uixler 
5  mm  vacuum  at  210-218*.  We  distilled  2.3  g  or  28.7*J1>.  N-n-butylcarbazole,  which  was  completely  converted 
to  the  picrate  in  alcoholic  solution.  The  picrate  formed  ruby-red  long  needles  melting  at  88*  (following 
recrystallization  from  alcbhbl).  A  mixture  test  with  the  picrate  of  synthetic  N-n-butylcarbazole  (m.p.  89*) 
melted  at  89*. 

Heating  tests  on  diethylphosphoryl  and  dimethylphosphoryl  chlorides.  12  g  diethylphosphate  acid  chloride 
was  heated  on  a  Wood's  metal  bath.  At  a  temperature  (in  the  flask)  of  150-160*  a  vigorous  release  of  ethyl 
chloride  (burning  with  a  green  color)  and  hydrogen  chloride  (NH^Cl)  took  place.  The  gaseous  products  weakly 
decolorized  bromine  water  (CHj=CH|).  Unchanged  acid  chloride  was  not  observed  after  an  hour  of  heating.  The 
residue,  which  was  a  colorless  syrupy  liquid,  was  not  investigated.  Decomposition  of  the  acid  chloride  of 
dimethyl  phosphate  (b.p.  64-65*  at  10  mm,  n{J  1.4118,  d’J  1.3455  [11])  took  place  at  100*  with  mild  release 
of  methyl  chloride  and  hydrogen  chloride.  At  temperatures  of  140-145*,  vigorous  liberation  of  methyl  chloride 
and  hydrogen  chloride  occurred,  during  which  bromine  water  was  weakly  decolorized.  The  residue  was  also  a 
syrupy  liquid. 

Reaction  of  diethylphosphate  acid  chloride  with  diphenylamine.  On  heating  8.3  g  diphenylamine  (dried 
at  120*)  with  12.2  acid  chloride  at  140-155*  a  violent  reaction  took  place  with  release  of  ethyl  chloride  and 
hydrogen  chloride.  The  mixture  was  heated  at  155-165*  for  45  minutes  (until  evolution  of  gaseous  products 
ceased).  Two  phases  were  formed:  the  upper  was  an  oily  liquid  and  the  lower  a  syrup  which  solidified  on  cooling. 
After  separation  of  the  upper  layer,  the  residue  was  treated  with  a  concentrated  soda  solution;  the  oily  liquid 
which  formed  was  combined  with  the  main  product.  An  ether  extract  was  prepared  which  was  dried  with  sodium 
sulfate. 

N-Ethyldiphenylamine  was  vacuum  distilled  at  147-148*  (11-12  mm)  as  a  colorless  oily  liquid;  n” 

1.6085,  djJ  1.0386.  Yield  8  g,  82.7%  of  theoretical.  N-Ethyldiphenylamine  on  redistillation  at  147*  (10  mm) 
gave  n^  1.6095,  d|g  1.0396. 

To  1  g  N-ethyldiphenylamine  (once  distilled),  dissolved  in  5  ml  dry  chloroform,  we  added  1.6  g  bromine 
in  5  ml  dry  chloroform  dropwise  with  cooling  (in  snow).  The  mixture  was  treated  with  a  concentrated  soda  solu¬ 
tion,  dried  with  calcium  chloride,  and  the  chloroform  evaporated.  By  recrystallization  from  a  mixture  of  benzene 
and  petroleum  ether,  we  obtained  1.6  g  (theoretical  quantity  is  1.8  g)  N-ethyldiphenylamine  dibromide  melting 
at  107-108*. 

_ 0.1106  g  substance:  0.1160  g  AgBr(Carius.)  Found  %:  Br  44.63.  Ci4Hi8NBrj.  Calculated  %:  Br  45.04. 

•  Temperatures  in  all  of  the  tests  were  measured  in  the  reaction  mixture. 
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Literature  constants  for  N-ethyldiphenylamine  are:  b.p.  149-150*  at  10  mm,  dibromide  (p,p*-)  m.p. 

107-108*  [12]. 

Reaction  of  dimethyl phosphoryl  chloride  with  diphenylamine.  On  heating  9  g  diphenylamine  and  11.5  g 
acid  chloride  to  a  temperature  of  110-115*,  methyl  chloride  and  hydrogen  chloride  were  liberated.  At  120-125*  a 
violent  reaction  occurred  which  raised  the  temperature  to  170*  (without  heat).  The  resulting  product  was  worked 
up  in  the  same  way  as  in  the  diethylphosphate  experiment.  N-Methyldiphenylamine  was  distilled  at  153-155* 

(15-16  mm)  as  a  colorless  oily  liquid;  n^  1.6238;  d|J  1.0596;  yield  6.7  g  or  68. 8^o  of  theoretical.  On  redistilla¬ 
tion,  b.p.  was  147-148*  at  11  mm,  n^  1.6230,  d|J  1.0572.  We  prepared  N-methyldiphenylamine  dibromide  (under 
the  same  conditions  as  for  N-ethyldiphenylamine);  colorless  small  needles  melting  at  119*  (after  recrystallizing 
twice  from  alcohol). 

Literature  constants  for  N-methyldiphenylamine  are:  b.p.  145-146*  at  10  mm,  148*  at  13  mm,  dibromide 
(p,p’-)  m.p.  120*  [12]. 

Reaction  of  diethylphosphoryl  chloride  and  aniline.  We  added  37  g  acid  chloride  to  10  g  aniline  (freshly 
distilled),  during  this  the  temperature  rose  to  95*  with  release  of  ethyl  chloride  and  hydrogen  chloride.  When 
heated  to  110-125*  it  frothed  vigorously  and  released  considerable  ethyl  chloride  and  a  small  amount  of  hydrogen 
chloride.  It  was  heated  for  15  minutes  (until  evolution  of  gaseous  products  ceased).  The  mix  was  cooled  to  110* 
and  an  additional  18.5  g  acid  chloride  added.  It  was  again  heated  to  110-120*  for  15  minuDes  and  then  to  160-170* 
for  15  minutes;  on  continuing  the  heating  to  190*  a  violent  reaction  ensued  which  raised  the  temperature  to  230* 
(without  further  heating);  liberation  of  gaseous  materials  stopped.  The  glassy-appearing  reaction  product  was 
dissolved  in  30  ml  water  with  heating;  on  cooling,  the  solution  was  neutralized,  using  a  concehtmted.i  ..  ,i : 
solution  of  potassium  hydroxide,  "r;  .  ...ii  .  ir.  i  l.i'  r  -  ■  The  oily  liquid  which  formed  was  separated, 

and  die  water  solution  extracted  with  ether;  both  were  dried  with  potassium  hydroxide,  The  reaction  product 
distilled  at  91-94*  (10  mm)  as  a  colorless  oily  liquid;  n{^  1.5410,  n^  1.5400,  dig  0.9407,  The  picrate  which 
formed  yellowish-green  colored  crystals  melting  at  137-138*  melted  at  138-139*  after  recrystallization  from 
alcohol.  A  mixture  test  with  the  picrate  of  N-inonoethylaniline  (yellow  color,  m.p.  136-136.5*)  gave  a  depressed 
melting  point  (110-115*). 

The  distillation  gave  14  g  diethylaniline,  or  87. 5<^  of  theoretical.  On  redistillation  (12.7  g)  diethylaniline 
was  obtained  in  die  following  fractions  at  10  mm: 

I.  88-89*,  n^  1.5440,  n^  1.5435,  d|g  0.9518  (1.8  g);  picrate  had  a  yellow-green  color  with  m.p.  138-139*. 

II.  89-90*,  n^  1.5410,  n®  1.5400,  d|g  0.9402  (10.1  g);  picrate  had  a  yellow-green  color  with  m.p.  138-139*. 

Picrates  of  the  I  and  n  fractions  had  a  depressed  melting  point  (110-115*)  when  melted  with  the  picrate  of 
monoethylaniline  (m.p.  136-136.5*). 

Literature  consunts  are  [13]:  aniline;  b.p.  69*  at  10  mm,  ng  1.5848,  d|g  1.0219;  picrate  light  yellow  in 
color,  m.p.  181*;  monoethylaniline:  b.p.  84*  at  10  mm,  206*  at  760  mm,  dj|  0.9705,  n|)  1.5559;  picrate,  yellow 
in  color,  m.p.  132*;  diethylaniline:  b.p.  215-216*,  92*  at  10  mm,  n®  1.5410,  djf  0.9350;  picrate,  yellowish  green 
color,  m.p.  142*  and  135-136*. 

Reaction  of  diediylphosphoryl  chloride  on  6-naphthylamine.  24  g  acid  chloride  was  added  to  10  g  8- 
naphthylamine  (dried  at  110*);  the  temperature  rose  to  50*.  On  heating  to  120*  vigorous  frothing  and  evolution 
of  ethyl  chloride  and  hydrogen  chloride  took  place.  The  temperature  was  held  to  120-130*  for  15  minutes  (until 
frothing  became  weak).  On  heating  to  180-185*  a  violent  reaction  (with  release  of  ethyl  chloride  together  with 
mild  evolution  of  hydrogen  chloride)  took  place;  the  temperature  rose  (without  further  heating)  to  260*.  The 
reaction  mixture  was  a  very  thick  liquid.  The  mixture  was  cooled  to  65*  and  an  additional  24  g  acid  chloride 
added.  The  reaction  was  then  carried  out  for  15  minutes  at  120-130*  and  for  40  minutes  at  175-185*  (until 
evolution  of  gaseous  products  became  weak).  After  working  up  (see  the  experiment  with  aniline)  the  product 
gave  on  vacuum  distillation  at  10  mm  the  following  fractions; 

I.  167-168*;  light  yellow-colored  liquid  with  blue  fluorescence,  n{^  1.6270,  1.4  g. 

n.  169-172*;  li^t  yellow-colored  liquid  with  blue  fluorescence,  njj  1.6335,  d|j  1.0215.  12.2  g  N-diethyl- 
naphthylamine  was  distilled,  or  87. 7<^  of  theoretical.  The  picrate  formed  yellow  colored  crystals  which  melted  at 
151-152*.  The  melting  point  did  not  change  on  recrystallization  from  alcohol. 
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We  prepared  the  hydrochloride  of  N-diethyl-S  -naphthylamine  (by  passing  dry  hydrogen  chloride  through 
a  dry  ether  solution);  it  melted  at  169-170*.  After  recrystallization  from  a  mixture  of  chloroform  and  dry  benzene 
it  melted  at  175*. 

0.0932  g  substance;  0.0574  g  AgCl.  Found®?o::  Cl  15,23.  Ci4H„N-  HCl.  Calculated  °lo-  Cl  15.06. 

Literature  constants  [14]  ate;  fi-naiAithylamine,  b.p,  306*;  N^nonoethylnaphthylamine,  b.p.  315-316*; 

167*  at  10  mm;  N-diethylnaphthylamine,  b.p.  316*;  hydrochloride,  m.p.  175*  or  177-178*. 

Reaction  of  dimethyl phosphoryl  chloride  on  g-aminopyridine.  16  g  acid  chloride  was  added  to  10  g  a  - 
aminopyridine  (dried  at  110*);  a  very  violent  reaction  ensued  with  liberation  of  methyl  chloride  and  mild  evolution 
of  hydrogen  chloride,  the  temperature  rose  from  20*  to  230*.  The  mixture  was  cooled  to  95*  and  16  g  additional 
acid  chloride  added.  It  was  heated  at  95-120*  for  15  minutes  with  violent  release  of  methyl  chloride  and  mild 
evolution  of  hydrogen  chloride.  The  glassy  reaction  product  was  dissolved  in  60  ml  water  with  heating,  and  on 
cooling  was  neutralized  by  water  and  then  by  potassium  hydroxide.  It  was  extracted  (with  thorough  stirring  of 
the  pasty  mass)  using  several  portions  of  ether  (total  volume  130  ml).  After  drying  over  potassium  hydroxide  and 
distillation  of  the  ether  an  oily  reddish-brown  liquid  was  obtained;  the  latter  was  distilled  with  negligible 
residue  (b.p.  107-110*  at  18  mm,  yellow  colored  liquid,  yield  3.3  g  or  28  7<7o  of  N-methylpyridone-imine). 

2.5  g  of  the  fraction  was  dissolved  in  10  ml  alcohol  and  3.5  g  picric  acid  added,  a  yellow  colored  picrate 
precipitated  at  once.  4.4  g  of  picrate  were  separated,  m.p.  170-180*.  After  recrystallization  from  alcohol 
(130  ml)  the  melting  point  was  197-198*,  3  g.  A  second  recrystallization  from  alcohol  gave  m.p.  199-200*, 
yellowish  green  in  color.  A  mixture  test  with  the  picrate  of  synthetic  N-methylpyridone-imine  (m.p.  199-200*) 
melted  without  depression  at  199-200*.  From  the  mother  liquor  (of  the  picrate  preparation)  we  obtained  a 
yellow  colored  picrate  having  m.p.  158-167*  (0.7  g).  In  view  of  its  small  quantity,  this  picrate  was  not 
identified.  The  orange  colored  picrate  of  methyl-a -aminopyridine  was  not  observed.  Also  unobserved  was  the 
picrate  of  unchanged  a -aminopyridine. 

Literature  values  [15];  methyl-a -aminopyridine ;  b.p.  100-102*  at  18  mm;  orange  colored  picrate,  m.p. 

190“  or  193-194*:  N-methylpyridone-imine;  b.p.  108*  at  16  mm;  yellowish  green  colored  picrate,  m.p.  199-201*: 
dim  ethyl -a -amino  pyridine;  b.p.  196*;  yellow  colored  picrate,  m.p.  182*:  N-me  thy  Ipyridone  me  thy  limine;  b.p. 

128*  at  38  mm;  yellow  colored  picrate,  m.p.  160*. 

Reaction  of  dimethyli^osphoryl  chloride  on  benzamide.  14.5  g  acid  chloride  was  added  to  6  g  benzamide 
(dried  at  120*).  A  violent  reaction  occurred  on  heating  to  80*  with  release  of  methyl  chloride  and  hydrogen  chlMide; 
the  temperature  rose  to  120*  without  further  heating.  When  the  reaction  was  finished,  in  about  15  minutes,  we 
added  an  additional  10  g  acid  chloride.  After  15  minutes  of  heating  at  120-140*,  heating  was  continued  at  170-180* 
(for  5  minutes  until  evolution  of  gaseous  products  ceased).  The  reaction  product  was  treated  with  a  concentrated 
solution  of  potassium  hydroxide  and  the  oily  liquid  layer  which  formed  separated  using  benzene  extraction;  the 
extract  was  dried  over  sodium  sulfate.  The  benzene  was  vaporized  and  the  reaction  ixoduct  then  distilled  under 
vacuum  as  follows: 

Fraction  I:  88-170*  at  15  mm(most  of  it  at  88*);  colorless  liquid  0.8  g  . 

Fraction  11:  174-178*  at  15  mm;  very  thick  liquid,  partially  crystallized,  4.5  g.  The  crystalline  product 
was  filtered  after  cooling.  We  obtained  1.5  g  N-methylbenzamide  with  m.p.  71-73*.  Following  crystallization 
from  aqueous  alcohol  its  m.p.  was  79-80*.  The  oily  liquid  product  was  redistilled,  and  it  came  over  completely 
at  175-177*  (16  mm)  as  a  thick  liquid.  The  crystals  which  formed  on  slow  cooling  were  pressed  on  a  clay  plate: 
we  obtained  an  additional  0.8  g  N-methylbenzamide  with  m.p.  75-77*.  A  mixture  test  with  benzamide  melted 
with  deixession  at  62*.  The  total  yield  of  N-methylbenzamide  was  2.3  g,  or  34.4<yo  of  theoretical. 

Literature  constants  [16];  N-methylbenzamide,  b.p.  167*  at  11  mm,  m.p.  75,  78  and  82*;  N-dimethyl- 
benzamide,  b.p.  132*  at  15  mm,  m.p.  41-42*. 

Experiment  on  heating  diethylphosphoric  acid  anilide  with  aniline  hydrochloride.  10.9  g  diethylphosi^ate 
anilide  (m.p.  95-96*)  *  and  12.8  g  (2  moles)  aniline  hydrochloride  were  heated  on  a  Wood’s  metal  bath.  At  a 
temperature  of  100-110*  (in  the  flask)  ethyl  chloride  was  energetically  evolved  with  frothing.  After  5  minutes 

*  Diethylphosphate  anilide  was  prepared  by  the  Arbusov-Lugovkin  method  (see  [7]).  20  g  acid  chloride  was 
added  to  21.2  g  aniline  (freshly  distilled).  The  temperature  rose  to  144*.  We  obtained  15.6  g  (59.6<%)  anilide 
and  10.9  g  (73.7<7o)  aniline  hydrochloride. 
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the  temperature  was  increased  by  heating  to  145-156*  over  a  15  minute  period  with  vigorous  release  of  ethyl 
chloride.  On  heating  to  200-225*  the  ethyl  chloride  evolution  (which  resulted  in  effervescence  of  the  reaction 
mixture)  stopped.  Evolution  of  hydrogen  chloride  did  not  occur.  After  suitable  working  up  (see  experiment 
with  aniline)  and  a  second  vacuum  distillation  at  10  mm,  we  separated  the  following  fractions: 

L  72-75*;  oily  liquid  smelling  like  aniline,  nfj  1.5785,  nfj  1.5779,  d|o  1.0040;  light  yellow  color 
picrate,  m.p.  181-182*  (from  ether);  after  recrystallization  from  alcohol  its  m.p.  was  184-185*;  mixture 
test  with  aniline  picrate  melted  without  depression;  5.7  g  aniline  distilled. 

n.  75-77*;  nf)  1.5728,  dfS  0.9949  (2.1  g);  the  picrate  was  the  same  as  for  fraction  I;  total  aniline 
distilled  was  7.8  g  (according  to  the  theory  8.83  g  should  be  obtained  from  the  aniline  hydrochloride),  or 
S8.3<^. 

in.  80-82*;  coltxless  oily  liquid  (with  weak  blue  fluorescence)  n^  1.5640,  n^  1.5630,  d|g  0.9771; 
yellow  colored  crystalline  piaate  with  m.p.  136-136.5*  (from  ether);  after  two  recrystallizations  from  alcohol 
the  melting  point  was  unchanged.  A  mixture  test  with  the  picrate  of  diethylaniline  (m.p.  138-139*)  melted 
with  depression  (110-115).  5.7  g  monoethylaniline  was  distilled  (99. 0<^). 

Literature  constants:  refer  to  experiment  with  aniline. 

Test  on  heating  the  anilide  of  diethylphosphoric  acid.  8.1  g  diethylphosphate  anilide  (m.p.  95-96*) 
was  heated  at  a  temperature  of  120-130*  for  30  minutes;  at  160-170*  for  15  minutes  (it  was  somewhat  violent), 
and  when  heated  to  230*  a  violent  reaction  took  place  with  effervescence  and  separation  into  two  layers; 
the  temperature  rose  (without  further  heating)  to  240*.  The  material  was  rapidly  cooled  to  200*  and  again 
heated  to  240*.  On  cooling. the  upper  layer  was  an  oily  liquid  insoluble  in  water  with  a  diethylaniline  odor; 
the  lower  layer,  a  glassy  solid  material,  was  worked  up  in  a  concentrated  solution  of  potassium  hydroxide,  the 
oily  liquid  which  separated  was  combined  with  the  upper  layer,  the  residue  was  extracted  with  ether,  and  die 
extract  dried  over  KOH.  Thd  reaction  product  completely  distilled  at  86-87*  (10  mm)  as  an  oily  liquid.  On 
redistillation  its  b.p.  was  86*  at  10  mm,  n^  1.5434,  n{^  1.5420,  dfo  0.9387.  Yellowish-green  crystalline 
picrate  (from  ether)  had  m  p.  138-139*  (after  two  recrystallizations  from  alcohol).  A  mixture  test  with  the 
picrate  of  diethylaniline  (experiment  with  aniline)  melted  at  139-140*.  4.5  g  diethylaniline  was  distilled 
(85.2^). 

Literature  constants:  see  the  aniline  experiment. 

SUMMARY 

1.  We  studied  the  reaction  of  diethylphosphoryl  chloride  and  dibutylphosphoryl  chloride  on  carbazole. 

It  was  shown  that  reaction  takes  place  when  die  components  are  heated  above  200*,  and  that  as  a  result  N-ethyl- 
and  N-butyl-carbazole  are  obtained,  respectively. 

2.  The  alkylating  effect  of  dialkylphosphoryl  chlorides  has  been  stated  with  regard  to  aniline,  6 -naphthyl- 
amine,  diphenylaniine,  and  a-aminopyridines.  As  a  esub  d  these  reactions,  we  obtained  N-diethylaniline  (87<)b), 
N-diethyl-6-naphthylamine  (88%,  N-ethyldiphenylamine  (83^),  N-methyldiphenylamine  (69%,  and  N-methyl- 
pyridoneimine  (29%,  respectively. 

3.  Alkylation  by  dialkyli^osphoryl  chlorides  takes  place  even  in  the  case  of  amides,  as  has  been  shown 
using  benzamide  as  an  example. 

4.  In  order  to  explain  the  mechanism  of  the  alkylating  action  of  acid  chlorides  we  studied  the  effect  of 
temperature  on  diethylphosphoric  acid  anilide.  It  was  shown  that  heating  it  to  230*  formed  dime  thy  laniline  (85^) 
A  preliminary  scheme  for  decomposition  of  diethylphosphoric  acid  anilide  has  been  presented. 
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THE  ADDITION  OF  D  lA  LK  Y  LPHOS  PHO  ROU  S  ACIDS  TO  UNSATURATED  COMPOUNDS 


VIII.  ADDITION  OF  DIALKYLPHOSPHORDUS  ACIDS  TO  ETHYLIDENE-  AND  BENZYLIDENE-MALONIC  AND 

ACETOACETIC  ESTERS 


A.  N.  Pudovik 


In  a  series  of  earlier  papers  [1]  we  showed  that  dialkylphosphorous  acids  add  very  readily  to  a, 6 -unsaturated 
ketones,  aldehydes,  nitriles,  esters  of  unsaturated  acids,  and  esters  of  vinyl  alcohols  with  formation  of  the  corres¬ 
ponding  saturated  phosphonic  ester  derivatives.  The  preparation  of  many  derivatives  of  phosphonic  esters  by  this 
new  method  of  synthesis  is  simple  to  perform,  is  practicable  with  regard  to  initial  materials,  and  gives  almost 
quantitative  yields  in  most  cases.  In  the  course  of  our  earlier  work  on  addition  of  dialkylphosphorous  acids  to 
esters  of  a, d -unsaturated  acids  which  contained  one  activating  group  of  the  electronophilic  type,  we  became 
interested  in  investigating  the  addition  reaction  of  dialkylphosphorous  acids  to  asynteBtricucocurated  compounds 
containing  two  identical  or  different  groups  of  the  electronophilic  type  on  a  single  carbon  atom.  It  may  be 
supposed  that  addition  of  dialkylphosphorous  acids  to  compounds  of  this  type  would,  on  account  of  the  simultane¬ 
ous  action  of  both  activating  groups  on  the  double  bond,  proceed  no  less,  and  possibV  even  mote,  intensively 
than  it  did  to  the  compounds  studied  earlier  having  one  activating  group.  For  this  purpose  in  this  i^esent  research 
we  undertook  to  investigate  the  addition  reaction  of  dialkylphosphorous  acids  to  ethylidenemalonic  ester,  iso- 
propylideneacetoacetic  ester,  benzylidene-malonic  ester,  and  benzylideneacetoacetic  ester.  The  reaction  was 
carried  out  in  the  i»esence  of  catalysts  -alkali  metal  alcoholates. 

In  order  to  avoid  exchange  of  radicals  in  the  ivocess  of  reaction  between  the  dialkylphosphorous  acid 
being  added  and  the  alkali  metal  alcoholate,  the  latter  was  prepared  from  an  alcohol  containing  the  same 
radical  as  was  present  in  the  dialkylphosphorous  acid. 

Addition  of  dimethylphosphorous.  diethyl  phosphorous,  diisobutylphosphorous,  and  dibutylphosphorous  acids 
to  ethylidenemalonic  estes  was  accompanied  by  vigorous  heating  of  the  reaction  mixture,  sufficient  in  some 
cases  to  cause  boiling.  Addition  of  the  same  dialkylphosphorous  acids  to  ethylideneacetoacetic  ester  took  place 
considerably  more  gently,  accompanied  by  comparatively  little  heating  of  the  reaction  mix. 


The  yields  of  the  addition  products,  which  were  the  several  ethyl  esters  of  a  -(dialkylphosphono)- 
ethylmalonic  and  a-<dialkylphosphono)-ethylacetoacetic  acids,  ranged  from  65  to  81^o.  The  formulas, 
constants,  yields,  and  analytical  results  for  phosphorous  content  of  the  products  obtained  are  given  in  Table  1. 

The  product  from  addition  of  diethylphosphorous  acid  to  ethylidenemalonic  ester -the  ethyl  ester  of  a- 
(diethylphosphono)-ethylmalonic  acid  -  was  saponified  by  addition  of  hydrochloric  acid  with  heating;  as  a  jaroduct 
we  obtained  0 -phosphonobutyric  acid  with  m.p.  140-141*. 


CH, — CH-CH(C00C,H5), 
(C,H50),P=0 


•HtO 


CHj- (j:H-CH-(COOH), 
(HO),P=  O 


•CO, 


CH,-^H-CH,-COOH 
(HO),P  =0 


The  0 -phosphonobutyric  acid  prepared  earlier  by  us,  by  saponification  of  0-diethylphosphonobutyric  acid 
ethyl  ester,  had  a  melting  point  of  141-143*.  The  results  which  were  obtained  showed  that  addition  of  dialkyl¬ 
phosphorous  acids  to  the  double  bond  of  ethylidenemalonic  and  ethylideneacetoacetic  esters  takes  place  in  such 
a  way  that  the  dialkylphosphonic  group  adds  to  the  0 -carbon  atom  of  the  double  bond,  not  carrying  an  activating 
group. 

The  full  course  of  reaction  for  addition  of  dialkylphosphorous  acids  to  ethylidenemalonic  ester  may  be 
shown  by  the  following  scheme: 

(RO),POH  +  RONa  - ►  (ROljP  C  +  ROH. 

^Na 
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Na. 


CH,-CH=C(COOC,Hb),  +  ^^OR), 


ONa 


CH,-CH-C 

( 


C-OC,Hb 


r 


COOCjHj 


(OR), 


CH,-CH-CNa(C(X)C,H5),  or 

v° 

^(OR), 


ch,-c»-ch(ccxx:,H5),  +  (RO),p 

k" 


( 


Na 


(OR), 


TABLE  1 


No. 

Formula 

Boiling  point 

Yield 

(in*^) 

m 

IHI 

found 

calculated 

1 

CH,-CH-CH(COOC,H,), 

< 

\0CH,), 

181*  (13  mm) 

1 1.4462 

1.1748 

10.3 

10.5 

85.7 

2 

CH,-Ctt-CH(COOC,H5), 

'< 

MOCjHb), 

180  (11  mm) 

1.4427 

1.1172 

10.1 

1 

9.7 

87.0 

3 

CH,-CH-CH(C00C,H5), 

'^OC^Hg*iso)2 

198-200  (11  mm) 

1.4445 

1.0445 

8. 1,8.3 

8.2 

66.5 

4 

CH,-CH-CH(C00C,H5), 

CO-CH, 

203-204  (11  mm) 

1.4457 

1.0560 

8.2,8.2 

8.2 

78.0 

^  i 

i 

1 

I 

ch,-ch-ch/ 

1  ^  ^COOCjHg 

(OCH,), 

yCO-CH, 

164-167  (14  mm) 

1.4703 

1.1943 

11.7 

11.7 

71.1 

6 

CH3-Clt-CH<^ 

1^  ^CCXDCjHs 

\oC,H|), 

164-166  (12  mm) 

1.4672 

1.1473 

10.6 

10.6 

65.6 

In  addition  we  investigated  addition  of  dialkylphosphorous  acids  to  benzylidenemalonic  ester  and  to 
benzylideneacetoacetic  ester.  The  reaction  was  performed  in  the  same  manner  as  was  employed  for  the 
corresponding  ethylidene  derivative.  This  reaction  also  took  place  quite  vigorously:  with  the  lower  dialkyl¬ 
phosphorous  acids  we  observed  boiling  of  the  reaction  mixture.  The  constants,  yields,  and  analytical  results 
for  lAiosphorous  content  of  all  the  ethyl  esters  of  phenyldialkylphosphonomethylmalonic  and  phenyldialkyl- 
phosphonomethylacetoacetic  acids  are  given  in  Table  2. 

We  may  propose  a  scheme  for  the  full  course  of  the  additicm  reactions  of  dialkylphosphorous  acids  to 
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ethylideneacetoacetic  ester  and  to  benzylidene*  malonic  and  acetoacetic  esters  analogous  to  that  given  above 
for  addition  to  ethylidenemalonic  ester. 


TABLE  2 


No, 

Formula 

Boiling  point 

- 

1 

Phos];^or< 

(in^l 

3US  Content, 

Yield 

(in<^) 

. 

found 

calculated 

1 

CeH5-CH-CH(COOC,H5), 

\0CH^ 

200-202*  (3  mm) 

1.4975 

i  1.2063 

j 

i 

9.4 

9.2 

79.4 

2 

CbHb-CIF-CHCCOOCjHb), 

212-214  (11  mm) 

1.4911 

1.1364 

7. 9, 7. 9 

8.0 

70.0 

NoCjHj), 

CbHs-CH-CHCCOOCjHs), 

\oC4H,-iso), 

219  (14  mm) 

1.4812 

1.0475 

6.8 

7.0 

80.9 

4 

C6H^CH-CH(COOC,Hb), 

■f 

\(OC4H,-n), 

218-220  (11  mm) 

1.4820 

7.2 

7.0 

75.6 

5 

CO-CH, 

CgHs-CH-CH^ 

1  COOCH, 

193-195  (6  mm) 

1.5295 

1.2096 

9.2, 9.4 

9.2 

65.4 

6 

,CO-CHj 

CeH5-CH-CH<' 

YoOCjHb 

h0C,Hs), 

204-206  (7  mm) 

1.5195 

1.1836 

8.9 

8.7 

56.0 

7 

.CO-CHj 

CeHj-CH-CH^ 

\ooc,H5 

204-205  (6  nun) 

1.4970 

1 

1.1104  i 

1 

7.8 

7.5 

66.6 

^OC4H,-iso), 

1 

8 

yCO-CH, 

CgHs-CH-CH^ 

1  \:ooc,Hs 

195-197  (1.5  mm) 

i 

1.4808 

/ 

1.0441  1 

i 

1 

7.7 

7.5 

67.8 

% 

\(OC4H,-n), 

In  conclusion  we  performed  experiments  on  addition  of  dialkylphosi^orous  acids  to  isopropylidenemalonic 
and  isopcopylideneacetoacetic  esters.  It  was  found,  that  even  in  these  cases,  despite  the  possible  shielding  effect 
of  the  two  methyl  groups  attached  to  the  3 -carbon  atom  with  the  consequent  reduction  of  its  electronophilic 
nature  as  compared  with  the  3 -carbon  atom  in  ethylidene-  and  benzylidene-  derivatives,  the  addition  reaction 
took  place  sufficiently  vigorously  with  significant  heating  of  the  reaction  mixture.  However,  it  was  not  possible 
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to  separate  the  addition  products  either  by  direct  distillation  of  the  reaction  mixture  or  by  working  up  in 
acetic  acid  arxl  water;  on  heating  a  gradual  increase  in  viscosity  of  reaction  mass  occurred,  and  it  became 
converted  ixogressively  into  a  glassy  almost  solid  product. 


EXPERIMENTAL 

General  method  for  performing  the  addition  reaction.  The  reaction  of  addition  of  dialkylphosphorous 
acids  to  ethylidenemalonic,  ethylideneacetoacetic,  benzylidenemalonic,  benzylideneacetoacetic,  isopropylidene- 
malonic,  and  isopropylideneacetoacetic  esters  was  performed  by  the  following  general  method.  To  8-10  g  ester 
was  added  an  equimolar  quantity  of  dialkylphosphorous  acid'  and  a  saturated  alcoholic  solution  of  sodium  alcoho- 
late  was  then  added  slowly  to  the  mixture.  The  sodium  alcoholate  was  prepared  using  an  alcohol  having  the 
same  radical  as  was  present  in  the  dialkylphosphorous  acid  being  added.  This  latter  condition  appears  most 
essential  in  performing  the  reaction  under  discussion;  in  the  event  that  dialkylphosphorous  acid  be  added  to 
some  idene  derivative  in  presence  of  a  sodium  alcoholate  containing  a  different  radical,  in  consequence  of 
exchange  of  radicals  between  die  alcoholate  and  the  dialkylphosphorous  acid  which  takes  place  during  the 
time  of  reaction  [3],  a  mixture  of  addition  products  of  both  dialkylphosphorous  acids  to  the  idene  derivative 
can  form;  separation  of  the  mixture  by  distillation  does  not  appear  possible  because  of  the  close  boiling  points. 

In  this  latter  circumstance  separation  of  the  addition  products  is  possible  only  with  a  spread  in  boiling  points  and 
generally  with  increased  irfiosphorous  content  compared  with  the  theoretical  value  (particularly  with  use  of 
sodium  methylate  for  all  of  the  reactions).  Addition  of  the  alcoholic  alcoholate  solution,  particularly  with 
lower  dialkyli^osphorous  acids,  was  accompanied  by  vigorous  heating  of  the  reaction  mixture,  which  in  some 
cases  (most  frequently  when  the  alcoholate  was  added  rapidly)  was  sufficient  to  cause  boiling.  The  addition 
of  the  alcoholate  was  continued  in  all  cases  until  further  addition  to  the  reaction  mixture  did  not  cause  heat 
release.  In  performing  the  reaction  with  the  higher  dialkylphosphorous  acids  we  ordinarily  used  considerably 
larger  quantities  of  the  alcoholate  than  with  the  lower  dialkylphosphorous  acids.  After  addition  of  the  necessary 
quantity  of  alcoholate  solution,  which  varied  in  our  experiments  from  several  drops  to  several  milliliters,  the 
reaction  mixture  was  heated  for  a  short  time  on  a  water  bath  and  then  vacuum  distilled.  The  addition  products 
were  colorless  or  lightly  straw  colored  viscous  liquids;  several  of  them  were  quite  readily  soluble  in  water. 
Constants,  yields,  and  the  results  of  phosphorous  analyses  for  all  the  prepared  products  are  given  in  Tables  1  and  2. 

Saponification  of  a  n(diethylphosirtiono)-ethylmalonic  acid  ethyl  ester. .  3  g  a-(diethylphosphono)-ethyl- 
malonic  acid  ethyl  ester  and  25  ml  diluted  (1:1)  hydrochloric  acid  were  heated  in  a  sealed  tube  at  130-140* 
for  a  period  of  10  hours.  After  opening  the  tube  and  removing  the  ethyl  chloride,  the  solution  was  repeatedly 
evaporated,  with  periodic  addition  of  distilled  water  -  until  hydrogen  chloride  was  completely  eliminated.  The 
solution  was  then  boiled  a  short  while  with  animal  charcoal,  filtered,  and  evaporated  on  a  water  bath.  After 
cooling  and  prolonged  standing  in  the  air,  a  precipitate  of  6  -phosphonobutyric  acid  separated  as  a  white  powder. 

It  was  recrystallized  twice  from  water  to  yield  6 -phosphonobutyric  acid  with  m.p.  140-141*. 

Phosphorous  analysis,  by  Neyman  method.  Found  P  18.2.  C4Hj05P.  Calculated  P  18.5. 

SUMMARY 

It  has  been  shown  dut  dialkylphosphorous  acids  in  presence  of  alkali  metal  alcoholates  add  extremely 
readily  to  ethylidene-  and  benzylidene-  malonic  and  acetoacetic  esters  to  form,  with  yields  of  65-80*^  ,  the 
corresponding  ethyl  esters  of  a -(dialky lphosphonb)-ethylmalonic,  and  a-(dialkylphosphono)-ethylacetoacetic, 
phenyldialkylphosphono-methylmalonic,  and  phenyldialkylphosphono-methylacetoacetic  acids. 
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THE  ADDITION  OF  D I A  LK  Y  L  PHOS  PHOROU  S  ACIDS  TO  UNSATURATED  COMPOUNDS 

IX.  REACTION  OF  SODIUM  DIET H3f LPHOSPHITE  WITH  ALLYL  BROMIDE  AND  WITH  ISOMERIC  CHLOROBUTENES 

A.  N.  Pudovik  and  M.  M.  F tolova 


In  one  of  the  contributions,  relating  to  a  study  of  the  allyl  rearrangement  [1],  we  described  a  reaction 
between  salts  of  dialkylphosphorous  acid  and  the  isomeric  methoxychloropentenes;  it  was  shown  then  that  the 
reaction,  depending  on  conditions,  leads  to  formation  of  i^oducts  which  contain  one  or  two  dialkylphosphono 
groups.  Using  indirect  methods,  we  established  the  conclusion  that  in  this  latter  case  addition  of  a  molecule 
of  dialkylphosphorous  acid  to  the  double  bond  takes  place  with  formation  of  methoxydiethylphosi^onopentene  as 
the  first  stage  of  the  reaction.  Furthermore,  in  a  special  series  of  papers  [2],  one  of  us  has  shown  that  addition 
of  dialkylphosphorous  acid  to  unsaturated  electronophilic  reaigents  was  a  general  reaction  using:  unsaturated 
nitriles,  ketones,  aldehydes,  carboxylic  acid  esters,  and  esters  of  vinyl  alcohols.  We  regard  this  reaction  as 
the  foundation  for  the  development  of  a  new,  very  simple  and  convenient,  method  for  the  synthesis  of  esters 
of  various  i^osphonic  acid  derivatives. 


In  1950  Rueggtfberg,Chernack,  and  Rose  [3],  who  were  evidently  unfamiliar  with  our  work  on  the 
action  of  dialkylphosphorous  acid  salts  on  the  isomeric  methoxychloropentenes  [1],  described  the  reaction 
between  sodium  dibutylphosphite  and  allyl  bromide  and  claimed  to  have  prepared  a  high-boiling  product, 
which  they  supposed,  in  accordance  with  the  analytical  data,  to  be  either  1,2-  or  l,3-di-(dibutylphosphono)- 
propane.  They  were  not  able  to  prepare  the  dibutyl  ester  of  allylphosphonic  acid,  the  synthesis  of  which 
appears  to  have  been  their  aim.  Regarding  this  reaction  of  allyl  halides  with  salts  of  dialkylphosphorous  acids 
as  of  considerable  theoretical  interest,  both  in  relation  to  explainit^  the  mechanism  of  the  addition  reaction 
as  well  as  of  the  allyl  reanangement,  we  resumed  our  much  earlier  study  and  in  the  present  work  decided  to 
study  in  greater  detail  the  reactions  between  allyl  bromide  and  the  isomeric  chlorobutenes  with  sodium  diethyl- 
phosphite. 

By  performing  the  reaction  between  allyl  bromide  and  sodium  diethylphosi^ite  in  the  minimum  amount 
of  benzene  needed  to  dissolve  sodium  diethylphosphite,  we  obtained  two  high-boiling  products.  The  first  of 
these,  which  was  formed  with  a  30.8<^  yield  had  a  b.p.  of  160-162*  (3  mm),  n^  1.4430,  dj*  1.1114;  the  other 
was  prepared  with  a  ll.‘2Pjo  yield  and  had  a  b.p.  of  185-186"  (3  mm),  n{)  1.4500,  dj®  1.1227.  The  i^osphorous 
content  of  both  ivoducts  satisfied  the  same  empirical  formula  CiiHigOePt-  In  accordance  with  studies  made  by 
us  earlier  it  may  be  presumed  that  formation  of  these  isomeric  compounds  results  from  addition  of  diethyl- 
phospb-orous  acid  to  the  ethyl  ester  of  allylphosphonic  acid,  i.e.  they  correspond  to  1,2-  and  l,3-di-(diethyl 
phosphono)-propanes.  Actually  the  higher-boiling  isomer,  according  to  its  constants,  conesponds  to  1,3-di- 
(diethylphosphono)-propane  prepared  by  A.  E.  Arbuzov  and  Kushkova  [4]  and,  considerably  later,  by  Ford-Moore 
[5].  Synthesis  of  l,3-di-(diethylphosphono)-propane  in  both  of  these  cases  was  accomplished  by  the  method  of 
Academician  Arbuzov  involving  action  of  trimethylene  bromide  on  the  fully  ethylated  ester  of  phusphorous  acid. 
According  to  Ford-Moore,  l,3-di-(diethylphosphono)-propane  has  a  b.p.  of  175"  (0.8  mm),  n^*  1.4508;  according 
to  the  data  of  A.  E.  Arbuzov  and  Kushkova  it  boils  at  186"  at  3  mm  and  has  d*®  1.12502. 

Formation  of  l,3-di-(diethylphosphono)-propane  in  oui  reaction  may  be  shown  by  the  following  scheme: 


Na 

CH,=  CH-CH,Br  +  ^^(OCjHg)* 


CH^CH 


CH, 


p  HOP(OC.H,J.  _ 


(C,H,0)i 


^P-CH,-CH,-CH,- 


\ 


(0C,H5), 


With  regard  to  the  main  reaction  product  formed  (with  a  b.p,  of  160-162"  at  3  mm),  it  evidently  was 
l,2-di-(diethylphosphono)-propane  because  it  is  not  possible  to  form  other  isomeric  products  in  the  reaction 
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under  study.  It  may  be  supposed  that  l,2-di-(diethylphosphono)^ropane  is  formed  analogously  to  l,3-di-<diethyl- 
phosphono)-propane  by  addition  of  diethylphosphorous  acid  to  allylphosphonic  ester,  but  in  a  different  order. 
Naturally,  such  an  assumption  is  improbable  if  one  takes  the  polarization  character  of  both  reactants'  into  account. 
It  appears  considerably  more  probable,  in  our  opinion,  to  assume  that  allylphosphonic  ester,  which  has  a  mobile 
three-carbon  prototropic  system,  in  the  presence  of  alkoxyl  ions  which  are  active  proton  acceptors  first  isomerizes 
into  the  thermodynamically  more  stable  propenylphosphonic  ester,  which  then,  like  other  a, 6 -unsaturated  electro- 
nophilic  reagents,  readily  adds  to  its  double  bond  a  molecule  of  diethylphosphorous  acid. 


CH,=  CH-CH,-Ps 


cx:,Hg 


CHj-CH=ClH>: 


(OCjHj), 


(OCjHs)! 


H0P(0C,H5),  ^ 
NaOP(OC,H6)j 


CH,-CH-CH,-P. 


SoCtikh 


(OCjHj), 


Actually,  a  series  of  authors,  in  particular  Kohn  and  Linstid  and  their  colleagues,  have  shown  [6]  that  in 
the  system  CH|=CH-CH|X5^  CH8-CH=CH-X,  where  X  is  an  activating  group  of  electronophilic  character,  the 
equilibrium  is  completely  displaced  toward  the  a, B -unsaturated  form;  this  latter  also  appears  applicable  in  the 
case  of  the  system  CH,-CH=CH-Cl^X:i±CH,CH|-CH=Ctt-X. 

Furthermore,  we  decided  to  study  the  effect  of  reaction  conditions  on  the  nature  of  the  course  of  reaction, 
and  in  relation  to  the  reaction  products.  When  the  reaction  between  sodium  diethyli^osphite  acid  and  allyl 
bromide  was  performed  with  a  considerable  quantity  of  free  diethylphosphorous  acid  present  in  the  reaction  mixture, 
(compared  with  data  of  the  earlier  work  [1]),  it  was  found  that  the  ethyl  estet  of  allylphosphonic  acid  was  formed  as 
the  sole  reaction  product  Analogous  results  were  obtained,  even  when  an  excess  of  diethylphosphorous  acid  was 
not  present  in  the  reaction  mixture,  in  the  presence  of  a  large  quantity  of  benzene.  With  comparatively  small 
quantities  of  benzene  in  the  reaction  mixture  we  obtained  all  three  products:  both  isomeric  di-(diethylphosphono)- 
propanes  as  well  as  the  ethyl  ester  of  allylphosphonic  acid.  Thus,  the  interesting  fact  developed  that  the  course 
of  the  reaction  between  allyl  bromide  and  sodium  diethylphosphite  effectively  changes  in  nature  depending  on 
the  quantity  of  diethylphosphorous  acid  or  inert  diluent  present  in  the  reaction  medium.  In  the  presence  of  large 
quantities  of  the  latter  the  reaction  stops  at  the  substitution  stage,  with  a  minimum  content -the  addition  reaction 
proceeds  almost  quantitatively. 


As  a  development  of  the  last  conclusion  and  in  order  to  fully  explain  the  mechanism  of  formation  of  di- 
dialkyli^osphono  derivatives  in  the  reaction  between  allyl  halide  compounds  with  salts  of  dialkylphosphorous  acid, 
we  conducted  experiments  on  the  direct  addition  of  diethylphosphorous  acid  to  the  ethyl  ester  of  allylphosphonic 
acid.  It  was  found  that  in  the  presence  of  sodium  ethylate  at  90-100*  the  reaction  goes  very  slowly,  at  130-140* 
it  takes  place  considerably  more  rapidly:  as  a  result  of  heating  for  three  hours  we  obtained  l,3-di(diethylphosphono)- 
propane,  b.p.  159-160*  (2  mm),  n”  1.4420,  d*®  1.1117,  with  51.6 yield.  Isomeric  products  were  not  observed. 

The  results  of  the  latter  experiment  may  be  regarded  as  direct  evidence  of  the  correctness  of  the  mechanism 
proposed  by  us  for  formation  of  di-diethylidiosphono  derivatives  in  the  reaction  described  above. 


In  addition,  we  studied  the  reaction  of  sodium  diethylphosphite  with  the  isomeric  chlorobutenes.  As  a 
result  of  the  action  of  sodium  diethylphosphite  on  an  equimolar  quantity  of  l-chlorobutene-2  in  an  ether  solution 
we  obtained  l-diediylphosphonobutene-2  with  a  45.2‘5fc  yield.  The  reaction  took  place  very  readily  and  quickly. 
In  performing  the  analogous  reaction  with  the  second  chloride  -  2-chlorobutene-3  -  we  found  that  it  took  place 
only  very  slowly  in  ether  solution;  because  of  this,  subsequent  tests  were  performed  in  a  benzene  solution.  By 
reaction  of  sodium  diethylphosi>hite  on  2-chlorobutene-3  in  the  presence  either  of  diethylphosphorous  acid  or  of 
a  large  quantity  of  benzene,  we  observed  the  formation  of  only  one  product  -  l-<liethylphosphonobutene-2. 
Addition  of  bromine  to  l-diethylphosphonobutene-2  gave  l-diethylphosphono-2,3-dibromobutane.  The  structure 
of  l-diethylphosl)honobutene-2  was  established  by  oxidizing  it  with  potassium  permanganate;  acetic  acid  was 
identified  among  the  oxidation  i^oducts. 

Thus  the  reaction  between  2-chlorobutene-3  and  sodium  diethylphosphite  takes  place  with  a  complete 
allyl  rearrangement  and  may  be  shown  by  the  scheme: 


Na 

CH|-CHC1-CH=CH,  +  Vcx:,l%)j - ►  CH,-CH=CH-CH,-R; 

or 


NoCjHb), 


+  NaCl. 
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In  performing  the  reaction  between  sodium  diethylphosphite  and  2-chlorobutene-3  with  fiee  diethyl- 
phosphorous  acid  and  Excess  benzene  absent  from  the  reaction  medium,  instead  of  1-diethylphosphonobutene- 
2  we  obtained  the  high  boiling  product  1, 2 -di-(die thy Iphosphono) -butane  in  a  15®^  yield,  b.p.  160-161*  (3  mm), 
np  1.4420,  d*®  1.1014.  This  same  product  was  obtained  in  59.3<5fc  yield  by  direct  addition  of  diethylphosphorous 
acid  to  l-diethylphosphonobutene-2  in  the  presence  of  sodium  ethylate.  For  both  the  first  and  the  second  cases, 
the  reaction  may  be  expressed  by  the  following  scheme: 


CHj-CH=Ctt-CH,-P^ 


Thus,  the  effect  of  the  inert  diluent,  in  the  3-chlorobutene-2  experiments,  on  the  course  of  the  reaction 
with  salts  of  dialkylphosphorous  acid  is  completely  determined,  and  the  mechanism  i*oposed  for  formation  of 
di-dialky  Iphosphono  derivatives  confirmed. 


EXPERIMENTAL 

Reaction  of  sodium  diethylphosphite  on  allyl  bromide.  Test  L  7.6  g  sodium  and  50  ml  absolute  benzene 
were  placed  in  a  round  bottom  flask  fitted  with  a  reflux  condenser  and  dropping  funnel;  46  g  diethylphosphorous 
acid  was  then  slowly  added.  After  all  the  sodium  dissolved,  with  formation  of  a  solution  of  sodium  diethylphos¬ 
phite,  40  g  allyl  bromide  was  gradually  added.  The  reaction  took  place  very  violently  with  considerable  heating 
of  the  reaction  mix.  After  the  entire  quantity  of  allyl  bromide  had  been  added,  the  reaction  mixture  was  heated 
on  a  water  bath  for  3  hours,  and  later  after  cooling,  treated  with  a  small  quantity  of  water.  After  separating  the 
upper  layer  and  drying  it  for  a  short  while  over  calcium  chloride,  the  benzene  was  distilled  from  it;  the  residue 
was  vacuum  distilled.  Two  products  were  separated: 

1)  l,2-Di-(diethylphosphono)-i;M:opane  (8  g),  b.p.  160-162*  (3  mm);  n^  1.4430;  dj®  1.1114;  MRp  75.18. 
Calculated  74.74.  Found  ^o:  P  I9..47.  CuH^«P,.  Calculated*^:  P  19.62. 

2)  l,3'Di-(diethylidiosi^ono)-propane  (3  g),  b.p.  185-186*  (3  mm);  nfj  1.4500;  dj®  1.1227;  MRp  75.38. 
Calculated  74.74.  Found  %:  P  19.71.  CyH,^^,.  Calculated  <5i);  P  19.62. 

Test  n.  The  reaction  was  carried  out  with  the  same  quantities  of  reactants  but  with  a  somewhat  larger 
quantity  of  benzene.  As  a  result  of  distillation  of  the  reaction  mixture  we  separated  12.2  g  l,2-di-(diethyl- 
phosphono)-ptopane  having  a  b.p.  of  160-162*  (3  mm);  7.8  g  l,3-di-(diethylpbosphono)-propane  with  b.p.  185-187* 

(3  mm);  and  11  g  diethyl  ester  of  allylphosphonic  acid  with  b.p.  98-100*  (12  mm). 

Reaction  of  sodium  diethylphosphite  on  allyl  bromide  in  the  presence  of  excess  diethylphosphorous  acid. 

The  benzene  solution  of  sodium  diethylphosphite  was  prepared  analogously  to  the  foregoing  from  3.8  g  sodium 
45.6  g  diethylphosphorous  acid,  and  30  ml  benzene.  20  g  allyl  bromide  was  then  added  to  it.  After  the  end  of 
the  reaction,  the  reaction  mixture  was  treated  with  water,  the  benzene  layer  dried  with  calcium  chloride,  and 
then  after  distillation  of  the  benzene  on  a  water  bath  the  residue  was  vacuum  distilled.  We  separated  22.7  g 
diethylphosphorous  acid  and  7.7  g  l-diethylphosphonopropene-2  witii  a  b.p.  of  98-100*  (12  mm),  n^  1.4350, 
dj®  1.0370,  MRp  44.80.  CtHbOjPT.  Calculated  44.93.  Found  P  17.15.  C7H15O3P.  Calculated  <^:  P  17.40. 

Reaction  of  sodium  diethyli^osphite  on  allyl  bromide  in  the  presence  of  a  large  quantity  of  benzene. 

The  benzene  solution  of  sodium  diethylphosphite  was  i^epared  from  3.8  g  sodium,  22.8  g  diethylphosphorous 
acid,  and  150  ml  benzene.  20  g  allyl  bromide  were  taken  for  the  reaction.  As  a  result  of  performing  the  reaction 
we  obtained  5.7  g  diethyli^osphorous  acid  and  16.3  g  allylphosphonic  acid  ethyl  ester  with  a  b.p.  of  99-100*  (12  mm), 
nfj  1.4348,  dj®  1.0368. 

Addition  of  bronline  to  allylphosphonic  acid  ethyl  ester.  To  5.5  g  allylphosphonic  acid  ethyl  ester, 
dissolved  in  10  ml  carbon  tetrachloride,  was  added,  while  cooling  and  with  agitation,  a  solution  of  2.5  g  bromfhe 
in  20  ml  carbon  tetrachloride.  After  addition  of  the  entire  quantity  of  bromine,  the  reaction  mixture  turned 
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yellow.  By  distillation  of  the  reaction  mixture  we  separated  2  g  of  a  fraction  with  b.p.  76-148*  (4  mm)  and 
3.2  g  l,2-dibromo-3-diethylphosphonopropane  with  a  b.p.  of  148*  (4  mm),  n^  1.4880,  d*®  1.5730.  Found  °}ox 
P  9.37.  CTHnOsPBr,.  Calculated  <70:  P  9.17. 

Addition  of  diethylphosphorous  acid  to  the  ethyl  ester  of  allylphosphonic  acid.  6  g  allylphosphonic  acid 
ethyl  ester  and  7  g  diethylphosphorous  acid  were  heated  in  a  sealed  tube,  in  the  presence  of  sodium  ethylate,  at 
130-140*  for  a  period  of  4  hours.  By  distillation  of  the  reaction  mixture  we  separated  5.4  g  of  a  substance  with 
a  b.p.  of  159-160*  (2  mm),  nJJ  1.4420,  dj®  1.1117. 

Preparation  of  the  isomeric  chlorobutenes.  3  heavy-walled  bottles  containing  about  400  ml  concentrated 
hydrochloric  acid,  were  cooled  in  a  freezing  mixture  (—15*)  and  about  100  g  distilled  bivinyl  added.  The  bottles 
were  tightly  sealed  with  rubber  stoppers  and  placed  on  a  shaker.  Agitation  was  continued  at  room  temperature 
for  a  toul  period  of  about  30  hours.  The  bottles  were  then  opened  and  the  upper  layers,  containing  the  chloride, 
were  separated  from  all  of  the  bottles  and  combined,  washed  with  a  dilute  soda  solution  and  with  water,  then 
dried  over  calcium  chloride,  and  distilled  through  a  meter  column  filled  with  small  glass  rings.  After  several 
distillations  we  obtained  62  g  l-chloro-2-butene  with  a  b.p.  of  84-85*,  n{^  1.4350  and  80.6  g  3-chloro-l -butene 
with  a  b.p.  of  64-65*,  n^  1.4150. 

Reaction  between  sodium  diethylphosphite  and  l-chloro-2-butene.  An  ether  solution  of  sodium  diethyl- 
phosiAiite  was  prepared  from  6,3  g  sodium,  37.8  g  diethylphosphorous  acid,  and  300  ml  dry  ether.  We  then  added, 
slowly  and  with  agitation,  25  g  l-chloro-2-butene,  after  which  the  reaction  mixture  was  heated  on  a  water  bath 
for  3  hours.  At  the  end  of  the  reaction,  sodium  chloride  was  filtered  off  and  washed  with  ether:  the  ether  in  the 
ether  solution  was  distilled  on  a  water  bathrffter  brief  drying  over  calcium  chloride,  and  the  residue  was  distilled 
under  vacuum.  We  obtained  about  5  g  of  unreacted  diethylphosphorous  acid  and  24  g  diethyiphosphonobutene-2 
with  a  b.p.  of  121.5-122*  (19  mm),  n^  1.4380,  dj®  1.0219,  MRp  49.32.  CgHiTOjPf.  Calculated  49.54.  Found  <70: 

P  15.84.  CiHitOjP.  Calculated  ^o:  P  16.14. 

Reaction  of  sodium  diethylphosphite  on  3-chloto-l -butene.  Experiment  1.  A  benzene  solution  of  sodium 
diethyli^iosphite  was  prepared  from  7.4  g  sodium,  44.4  g  diethylphosphorous  acid,  and  50  ml  benzene.  Unreacted 
small  fragments  of  sodium  were  mechanically  removed  from  the  solution  using  a  long  thin  needle.  We  added 
30  g  3-chloro-l -butene  slowly  with  stirring  to  the  benzene  solution  of  sodium  diethylphosphite  which  had  thus  been 
made  completely  transparent,  after  which  the  reaction  mixture  was  heated  for  3  hours  on  a  water  bath.  Precipi¬ 
tated  sodium  chloride  was  then  filtered,  the  benzene  evaporated  from  the  filtrate  on  a  water  bath,  and  the  residue 
distilled  under  vacuum.  We  obtained  12.8  g  diethylphosi^orous  acid,  18  g  l-diethylphosi:^onobutene-2  with  a  b.p, 
96-98*  (6  mm),  n{)  1.4380  and  6.8  g  1, 2 -di-(diethylphosphono) -butane  with  a  b.p.  of  160.-161*  (3  mm),  n|) 

1.4420,  dj®  1.1014,  MRj3  79.28.  Calculated  79.35.  Found  %>:  P  19.06.  CuH,,OeP,.  Calculated  <7oj  P  18.78. 

Saponification  of  l,2-di-(diethylphosphono)-butane  with  dilute  hydrochloric  acid  at  130-140*  gave  a 
thick,  pale-yellow  colmed  oil  which  did  not  crystallize  on  standing. 

Experiment  n.  (in  the  preseince  of  excess  diethylphosphorous  acid).  To  a  benzene  solution  of  sodium 
diethylphosphite  prepared  from  3.7  g  sodium,  44.4  g  diethylphosphorous  acid,  and  50  ml  benzene,  was  added 
15  g  3-chlOTo-l -butene.  The  reaction  mixture  was  heated  on  a  water  bath  for  3  hours.  Sodium  chloride  was 
then  removed  by  filtration,  the  benzene  evaporated  on  a  water  bath,  and  the  residue  distilled  under  vacuum. 

Even  at  the  very  start  of  distillation,  signs  of  decomposition  of  the  product  were  noted;  because  of  this  the 
distillation  was  stopped  and  the  product  worked  up  in  water  and  benzene.  As  a  result  of  the  last  distillation 
we  obtained  18  g  diethylphosphorous  acid,  8.7  g  l-diethylphosphonobutene-2  having  a  b.p.  of  113-114*  (14  mm), 
n^  1.4380,  dj®  1.0221  and  3.6  g  of  lower-boiling  fractions. 

Experiment  lll.(in  the  presence  of  a  large  quantity  of  benzene).  To  a  benzene  solution  of  sodium  diethyl¬ 
phosphite,  prepared  from  3.7  g  sodium,  22.2  g  diethylphosphorous  acid,  and  150  ml  benzene,  we  added  15  g  3- 
chlorobutene-1.  As  a  result  of  carrying  out  the  reaction  and  working  up  tiie  reaction  product,  we  obtained  7.2  g 
diethylphosphorous  acid,  9.5  g  l-diethylphosphonobutene-2,  and  about  3  g  lower-boiling  fractions.  Repetition  of 
the  experiment  with  larger  quantities  of  reagents  gave  analogous  results.  In  this  experiment,  as  in  the  previous' 
one,  l,2-di-(diethylphosphono) -butane  was  not  observed. 

Addition  of  diethylphosphorous  acid  to  l-diethylphosphonobutene-2.  7  g  diethylidiosphorous  acid  and  5  g 
l-<iiethylphosphonobutene-2  with  a  small  quantity  of  sodium  ethylate  were  heated  in  a  sealed  tube  at  130-140* 
fcMT  3  hours.  By  distilling  the  reaction  mixture,  we  obtained  4.8  g  l,2-di-(diethylphosphono)-butane  with  a  b.p. 
of  159-161*  (3  mm),n*^  1.4420,  dj®  1.1016. 
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Addition  ofbromjne  to  l-diethylphosphonobutene-2.  To  6  g  1-diethyl phosjrfionobutene -2  we  slowly  added, 
with  cooling  and  stirring,  a  solution  of  2.6  g  bromine  in  20  ml  carbon  tetrachltwide.  The  liquid  was  rapidly  de¬ 
colorized  during  the  reaction;  at  the  end  of  the  addi.tion  it  developed  a  stable  yellow  color.  After  standing  fw 
24  hours  it  was  vacuum  distilled.  We  obtained  6.7  g  l-diethylphosphono-2,3-dibromobutane  with  a  b.p.  of  148- 
150*  (3  mm),  nfj®  1.4890,  df  1.5427.  MR^  65.86.  Calculated  65.54.  Found  <%’.  P  8.45.  C,Hi,0,rer,.  Calculated 
P8.80. 

Oxidation  of  l-diethylphosphonobutene-2  by  potassium  permanganate.  12  g  l-diethylphosphonobutene-2 
was  dissolved  in  400  ml  water;  26.4  g  finely  powdered  potassium  permanganate  was  then  slowly  added  to  the 
solution  with  continuous  stirring.  The  temperature  of  the  reaction  mixture  was  held  below  10*  by  cooling  the 
flask  in  running  water.  The  manganese  dioxide  was  then  filtered  off,  taken  up  in  boiling  water  and  filtered  again. 
Both  filtrates  were  combined  and  concentrated  to  a  volume  of  30-60ml,  treated  with  hydrochloric  acid  and 
steam-distilled.  The  distillate  was  neutralized  with  ammonia  and  silver  acetate  was  then  precipitated  from  it. 

Analysis  of  the  silver  salt:  0.5228  g  substance:  0.3360  g  Ag.  Found  Ag  64.28.  C|H|0|Ag. 

Calculated  <7o:  Ag  64.61. 

SUMMARY 

1.  The  reaction  of  sodium  diethylphosphite  with  allyl  bromide  and  with  isomeric  chlorobutenes  was 

studied. 

2.  It  was  shown  that  the  presence  in  the  reaction  medium  of  excess  diethylphosphorous  acid  or  benzene 
plays  an  effective  role  in  the  course  of  these  reactions.  In  their  presence  the  reaction  stops  at  the  substitution 
stage  with  the  formation  of  allylphosphonic  ester  and  l-dlalkyli^.osphonobutene-2;  in  the  absence  of  free 
diethylphosphorous  acid  from  the  reaction  medium  and  in  the  presence  of  only  the  minimum  quantity  of  benzene 
needed  to  dissolve  the  sodium  diethylphosphite,  sodium  diethylphosphite  added  to  the  double  bond  of  the  allyl- 
phosi^onic  ester  with  formation  of  di-dialkylphosphono  derivatives. 

3.  It  was  shown  that  the  reaction  between  sodium  diethylphosphite  and  3-chloro-butene-2  takes  place  with 
a  complete  allyl  rearrangement. 

4.  The  addition  of  diethylphosphorous  acid,  in  the  presence  of  sodium  ethylate,  to  allylphosphinic  ester 
and  to  l-diethylphosphonobutene-2  was  shown  by  direct  experiments. 
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TRIPHENYLBIPHENYLPHOSPHONIUM  SALTS 


G.  V.  Medoks  and  V.  F.  Andronova 


Triphenylaiyl-  and  triphenylalkylphosphonium  salts  have  acquired  considerable  practical  significance 
in  recent  times  because  of  application  of  some  of  them  in  analytical  chemistry  [1]  and  in  the  separation  of 
elements  which  are  very  similar  in  properties.  These  materials  are  also  useful  as  insecticides  [2].  They  are 
also  used  for  protection  of  woolen  materials  and  furs  from  damage  by  moths  [3].  There  are  indications  of  the 
possible  use  of  compounds  of  this  type  in  medicine,  and  also  as  plasticizers  and  as  dye-fixing  substances. 

Although  several  triirfienylarylphosphonium  salts  have  been  described  in  the  literature,  f(x  example  the  tetra- 
phenylphosphonium  [4]  and  triphenyl- a  ^phthylphosi^onium  [5]  salts,  nevertheless  many  other  similar  compounds, 
among  them  the  triphenyM-biphenylphosfiionium  salts,  had  not  been  prepared  up  to  the  present  time.  In  order 
to  prepare  quartenary  idiosphonium  salts,  in  which  the  phosphorous  atom  is  directly  bonded  to  carbon  atoms  of 
the  aromatic  ring,  we  may  use  either  the  reaction  of  oxygen  on  an  ether  solution  of  triphenylphosphine  together 
with  an  organo-magnesium  compound,  as  proposed  by  Ya.  Ya.  Dodonov  and  G.  V.  Medoks  [4],  or  the  reaction 
of  triphenylphosphine  with  halide  substituted  aromatic  hydrocarbons  which  takes  place  with  the  assistance  of 
catalyst -anhydrous  aluminum  chloride  [6]. 

We  found  that  cuprous  chloride,  used  as  catalyst  for  analogous  reactions,  assured  a  satisfactory  reaction 
course  and  did  not  require,  in  contrast  to  aluminum  chloride,  protection  from  moisture  or  careful  purification 
in  order  to  avoid  side  reactions. 

We  prepared  triphenyM-biphenylphosphonium  bromide,  using  the  above  caulyst,  from  triphenylphosphine 
and  4-bromo-diphenyl  in  an  18.3%  yield  based  on  triphenylphosi^ine.  A  compound  of  triphenylphosphine  and 
cuprous  chloride  -(CeH5)8P‘  CuCl  -was  also  separated  from  the  reaction  products.  We  prepared  a  solution  of 
the  free  base,  and  using  this  formed  triphenyl-4-biphenylphosphonium  nitrate,  chloride,  and  sulfate.  The  forma¬ 
tion  of  a  series  of  other  salts  is  also  described.  A  solution  of  triphenyl-4-biphenyljrfiosirfionium  hydroxide  did 
not  decompose  on  boiling,  but  in  the  presence  of  a  small  quantity  of  sodium  hydroxide  boiling  led  to  decompo¬ 
sition  of  the  base  according  to  the  equation: 

[(CeH5)j(C,H5C,H4)P]OH - *^C8H6),P0  +  CsHgCgHs. 

A  similar  catalytic  activity  of  alkali  has  been  reported  earlier  by  G.  V.  Medoks  [5]. 

EXPERIMENTAL 

Triphenyl-4-dii^enylphosphonium  bromide.  A  mixture,  containmg  2.6  g  triphenylphosphine  prepared  by 
the  Pfeifer  method  as  modified  by  Dodonov  and  Medoks  [4],  2.3  g  4-bromo-diphenyl  with  a  m.p.  of  89*  synthesized 
according  to  the  procedures  of  Schmidt  and  Schultz  [7],  and  0.5  g  cujmtous  chloride,  was  heated  in  around-bottomed 
flask  on  a  paraffin  bath  for  2  hours  at  240*  and  1  hour  at  280*.  The  reaction  product  solidified  on  cooling  and  was 
a  yellowish  glassy  mass.  It  was  worked  up  in  ethyl  alcohol,  and  the  solution  filtered  by  suction  from  the  separated 
crystalline  precipitate  (1.58  g). 

The  alcoholic  solution  was  evaporated  to  dryness  on  a  water  bath  and  the  residue  extracted  several  times 
with  hot  water.  The  water  extracts  were  combined,  filtered,  and  boiled  down.  The  crystals  (0.90  g)  with  a  m.p. 
of  231*  which  sei>arated  on  cooling  were  recrystallized  from  water. 

0.5894  g  substance:  0.1339  g  HjO.  Found  %:  HjO  22.71.  C3oH84BrP-  8HO.  Calculated  %:  1^0  22.55. 

Water  of  crystallization  was  completely  lost  at  110-120*. 

0.0423  g  and  0.0407  g  substance:  8.85  ml  and  8.52  ml  AgNOj  (T=  0.00163).  Found  %:  Br  16.04  and 

16.05.  CwH^SrP.  Calculated  %:  Br  16.14. 

Triphenyl-4-bii^enylphosphonium  bromide  was  a  colorless  substance,  readily  soluble  in  water,  ethyl 
alcohol,  and  chloroform,  but  insoluble  in  benzene,  benzine,  and  ethyl  ether. 


Cuprous  chloride  addition  product  with  triphenylphosphine.  The  residue  insoluble  in  alcohol  (1.58  g) 
referred  to  above  was  dissolved  in  chloroform  and  precipitated  by  ethyl  ether.  Colorless  crystals,  containing 
chloroform  of  crystallization.  For  cpiantitative  iodometric  determination  of  copper,  a  portion  of  the  substance, 
free  of  chloroform  of  crystallization,  was  first  decomposed  with  nitric  acid  (specific  gravity  1.4),  but  for 
determination  of  chlorine,  by  the  Moore  method,  the  material  was  first  dissolved  in  pure  chloroform  and  then 
decomposed  using  concentrated  ammonia  with  subsequent  heating  until  excess  ammonia  was  removed. 

0.2500  g  substance:  17.00  ml  Na^SjOs  (T  =  0.00642).  0.0600  g  substance:  17.30  ml  AgN03  (T  =  0.00163). 

Found  Cd  17.55;  Cl  9.81.  CijHisClPCu.  Calculated  Cu  17.60;  Cl  9.82. 

A  chloroform  solution  of  this  material  when  treated  with  a  strong  solution  of  ammonia  deposits,  on 
vaporization  of  the  solvent,  colorless  crystals  with  a  m.p.  of  79*  which  were  shown  to  be  triphenylphosphine 
(mixture  test).  Thus  the  material  which  was  insoluble  in  alcohol  was  an  addition  product  of  cuprous  chloride 
and  trlphenyl];hosphine. 

A  small  quantity  of  this  substance  (1  g)  along  with  1  g  of  the  initial  4-bromodiphenyl  was  separated  by 
fractional  crystallization  of  the  material  (2.85  g)  which  was  insoluble  in  water  on  extraction  (see  above)  of 
triphe  nyl  -4-biphenylphosphonium  bromid  e . 

Triphenyl-4-biphenyliAiosphonium  hydroxide  and  salts.  By  reaction  of  an  aqueous  solution  of  triphenyl-4- 
biphenylphosihonium  bromide  with  a  suspension  of  freshly  precipitated  silver  hydroxide  in  water,  a  solution  of 
the  free  base  was  formed  which  showed  a  strong  alkaline  reaction.  This  solution  was  neutralized  with  the  respective 
acid  to  yield,  after  the  solution  was  boiled  down  and  crystallized,  the  chJoride,  sulfate,  or  nitrate;  these  were 
colorless  crystalline  materials,  readily  soluble  in  water,  ethyl  alcohol,  and  chloroform  but  insoluble  in  benzene, 
benzine,  and  ethyl  ether.  The  salts  were  dried  in  a  vacuum  dessicator. 

0.1032  g  substance:  23.69  ml  AgNOs  (T  =  0.00163).  Found  Cl  7.81.  C80H14CIP.  Calculated  ’’jo-. 

Cl  7.87.  0.2896  g  substance:  0.0699  g  BaSO^.  Found  <7o:  S  3.32.  C3oH4i|P2S04.  Calculated  S  3.46. 

Triphenyl-4-biphenylphosphonium  salts  dissolved  in  water  reacted  with  solutions  of  iodides,  thiocyanates, 
chromates,  bichromates,  and  permanganates  to  form  precipitates  which  were  difficultly  soluble  in  cold  water  and 
ai^reciably  soluble  in  boiling  water. 

SUMMARY 

1.  A  new  catalyst  has  been  proposed  for  the  reaction  of  triphenylphosphine  with  halide-substituted 
aromatics  which  has  several  advantages  as  compared  with  anhydrous  aluminum  chloride. 

2.  Trfr)henyl-4-biphenyliiiospnonium  salts  and  a  solution  of  the  free  base  were  prepared. 
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SYNTHESIS  OF  ALIPHATIC  ORXLANO-ELEMENT A L  COMPOUNDS  BY  THE  DIAZO  METHOD 
V.  SYNTHESIS  OF  COMPOUNDS  OF  ELEMENTS  OF  THE  IV  GROUP -OHG  A  NO-LEAD  COMPOUNDS 

I 

A.  Ya.  Yakubovich,  E,  N*  Merkulova,  S.  P.  Makarov,  and  G.  I.  Gavrilov 


Utilization  of  the  extreme' reactivity  of  aiii^atic  diazo  derivatives  for  preparation  of  elemento-organo 
compounds  has  been  limited,  until  recent  times,  only  to  the  synthesis  of  oigano-mercury  compounds  [IJ  We 
were  able  to  show  that  organic  derivatives  of  P,  As.  Sb,  Bi,  Si,  and  Sn  could  be  prepa;'ed  by  the  same  method  [2]. 

In  this  present  paper  we  give  the  results  of  our  study  on  the  reaction  of  diazomettane  and  diazoethane 
on  lead  halides.  It  should  be  noted  that  until  now  only  a  few  organo-lead  compounds  were  known  containing 
a  substimted  aliphatic  radical  [3]. 

Attempts  to  alkylenate  lead  chloride  by  diazomethane  were  not  successful.  In  tests  in  ethereal  media 
as  well  as  in  other  solvents  and  both  in  the  presence  and  in  the  absence  of  catalysts,  although  the  diazomethane 
was  decomposed  no  formation  of  orgaoo-lead  compounds  was  observed.  This  latter  may  be  explained,  naturally, 
by  the  fact  that  lead  chloride  is  prac  tically  insoluble  in  the  organic  solvents  usually  used  foe  {separation  of 
solutions  of  aliphatic  diazo  compounds.  Evidently  under:  these  conditions  interaction  of  the  reagents  is  difficult. 

It  was  practically  impossible  to  use  a  solution  of  lead  tetrachloride  because  even  at  tempexatures  of 
—15-20*,  this  material,  on  the  one  huind,  chlorinated  the  solvent,  and  on  the  other  hand,  rather  rapidly  decomposed 
spontaneously  (for  example  in  a  CCI4  medium)  with  release  of  chlOTine  and  lead  chloride.  Alkylenation  was  also 
not  successful  using  a  stable  salt  of  chloropiumbrc  acid  — (NilJiPbClg,  a  derivative  of  lead  tetrachloride,  because 
the  solubility  of  this  salt  in  organic  solvents  is  no  greater  than  that  of  lead  chloride. 

Lead  tetraacetate,  which  is  readily  soluble  m  benzene,  easily  reacts  with  diazomethane,  with  liberatimi 
of  nitrogen;  naturally  organo^ead  compounds  are  not  formed  in  this  manner,  and  the  reaction  follows  the  scheme: 

Pb(OCOCH5)4  +  CHgN,  - ►  CW^fOCOCrtg)*  +  PbfOCOCH,),  +  N,. 

Only  with  triethylchloro  lead  and  dlethyldichloro  lead,  which  are  relatively  readily  soluble  in  ether,  was 
it  possible  to  observe,  on  reacting  them  with  diazomethane,  formation  of  the  corresponding  chlo,tomethyl  derivative. 
However,  the  alkylenation  reaction  takes  piace  in  this  case  only  in  unusual  conditions,  somewhat  different  from  the 
conditions  employed  in  other  cases.  On  mixing  an  etfeev  solution  of  diazomethane  with  alky  1  lead  chloride  no 
reaction  was  observed  either  cold  or  on  heating,  if  copper  bronze  were  added  to  the  mixture,  then  (at  temperatures 
of  10-15“)  gradual  decomposition  of  diazomethane  s'taited,  doling  which  the  precipitate  of  undissolved  lead  chJoride 
diminished  and  the  reaction  led  to  fo:«.mation  of  chlorometbyl  lead  compounds: 

CH.N.  -en.*  icH.]  (Cj  HyisPbe  i^Cl 

(C8H5),Pba,  [(C,Hg),PbCl(CH,Ci)]  (C,Hg),PlHCH,Cl),. 

In  the  reaction  described  of  diazomethane  with  ethyl  lead  chloride,  in  addition  to  the  chloromethyl  lead 
derivative  we  usually  observed  formation  of  a  small  amo?mt  of  tetraethyl  lead.  It  is  most  probable  that  formation 
of  this  takes  place  as  a  result  of  a  secondary  process  of  reduction  of  the  initial  ethyl  lead  halide  compound  by 
methylene  to  a  lead-alkyl  radical,  which  then  disproportionates  to  form  tetraethyl  lead.  However,  formation  of 
tetraethyl  lead  is  also  possible  as  a  result  of  a  reaction,  which  is  analogous  to  one  given  below  for  diazoeth.ane. 
Formation  of  tetraethyl  lead  together  with  the  chloromethyl  derivative  makes  purification  of  the  latter  considerably 
more  difficult.  However,  by  repeated  vacuum  distillation  it  was  possible  to  obtain  chloiomethyltriethyl  and  di* 
(chloromelhyl)-diethyl  lead  in  a  comparati'/ely  pure  state.  Dl-(chlQrometbyT)-diethyl  lead,  in  contrast  to  chloro- 
methyltriethyl  lead,  was  a  poorly  stable  compound  which  decomposed  with  separation  of  a  precipitate  even  on 
storage  in  the  dark. 

Diazoethane,  like  diazomethane,  would  not  react  with  tiiethyl  lead  chloride  in  absence  of  catalysts,  and 
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the  reaction,  observed  only  in  presence  of  copper  tsonze,  led  to  formation  of  unstable,  triethyltx -chloroethyl  lead, 
which  we  were  not  able  to  separate  from  die  reaction  mixture.  On  removal  of  solvent  (ether)  even  at  temperatures 
of  minus  15*  (under  vacuum),  the  product  which  remained  decomposed  into  lead  chloride  and  tetraethyl  lead. 

EXPERIMENTAL 

1.  Preparation  of  dietfayl-di-(chloromethyl)-lead.  A  mixture  of  24  g  dichlorodieth.yl  lead  with  a  small 
amount  of  copper  bronze  (0. 1-0.2  g)  in  300  ml  absolute  ether  was  cooled  to  0*.  At  this  temperature  and  with 
good  stirring  we  added  one  half  of  an  ether  solution  of  diaaomethane,  prepared  by  taking  2  moles  diazomethane 
pet  mole  of  dichlcffodiethyl  lead  plus  a  10^  excess.  The  temperature  was  then  raised  to  10-15*.  During  this  we 
observed  the  release  of  bubbles  of  gas,  the  quantity  of  dichlcKodiethyl  lead  decreased,  and  the  solution  gradually 
lost  its  initial  yellow  color.  The  soludon  was  then  again  cooled  to  0*  and  the  second  portion  of  diazomethane 
added. 

When  the  solution  was  barely  yellow  and  gas  evolution  ceased,  st:j5.ing  was  discontinued,  and  the  reaction 
mixture  allowed  to  stand  overnight.  The  residue  (4.3  g)  was  then  filtered  off  and  the  filtrate  distilled.  After  tl.:e 
ether  was  removed  a  liquid  contaln.ing  a  sm.aii  amount  of  precipitate  and  brown  tai  remained  which  was  vacuum 
distilled  with  a  dephlegmator.  At  2  mm  at  a  temperature  of  86-98°  9.6  g  of  material  came  over.  After  repeated 
vacuum  distillation  we  separated  a  colorless  mob:le  liquid  with,  a  peculiar  odor  having  a  b,.p,  of  96*  at  2  mm;  dj* 
1.9890.  The  material  was  soluble  in  absolutely  diyr  organic  solvents  and  insoluble  in  water. 

3.995  mg  substance:  3.065  mg  AgCl.  0.8380  g  substance:  0.6984  g  PbSO^.  Found  Pb  56.93; 

Cl  18.98.  CgHj^PbCI*.  Calculated  %:  Pb  56.86;  Cl  19.5. 

2.  Preparation  of  chloromethyl-triethyl  lead.  A  mixture  containing  25  g  triethylchloro  lead  in  260  ml 
absolute  ether  together  with  O!  1-0.2  g  copper  bronze,  was  treated  with  diazomethane  (as  in  experiment  I)  although 
the  chlorotiiediyl  lead  went  into  solution  completely.  Diazome±ane  was  taken  on  the  basis  of  1  mole  diazo¬ 
methane  (with  a  10^  excess)  per  mole  of  chlorotriethyl  lead .  Under  vacuum  distillation  at  10  mm  and  at  tem¬ 
peratures  of  83-99*  a  colmless  mobile  liquid  distulate  (21.7  g)  was  obtained.  The  product  thus  {srepared  was  a 
mixture  of  chloromethyltiiethyl  lead  and  tetraethyl  lead.  Based  on  its  halide  content,  the  mixture  contained 
73<5fc  chloromethyltriemyl  lead. 

After  two  or  three  vacuum  distlllatjjans  with  a  dephlegmatctwe  were  able  to  separate  comparatively  pure 
chloromethyl-triethyl  lead  with  a  b.p.  of  65.5-66.5“  at  3  mm;  d|*  1.7917;  n^  1.5434.  The  substance  was  a  mobile 
liquid  with  a  peculiar  odor. 

4.313  mg  substance:  1.609  mg  AgCl  0.4032  g,  0.3064  g  subswnce:  0,3548  g,  0.2708  g  PbSO^. 

Found  ‘Jt:  Pb  60.36,  60.1;  Cl  9.23  CyHjyPbCl.  Calculated  Pb  60.25;  Cl  10.33. 

3.  Reaction  of  diazoethane  on  trlethyichlg'fo  lead  To  a  mixture  of  10  g  triethylchloro  lead,  120  ml 
absolute  ether,  and  0.15  g  copper  bronze  we  added  du:.;ing  a  period  of  one  hour  at  0“  (with  stirring)  a  dry  solu¬ 
tion  of  5.2  g  diazoethane  in  170  ml  etbei.  The  temperaiare  was  teought  up  to  ambient  and  a  precipitate  (3  g) 
which  appeared  to  be  PbCl*  removed  fsom  trie  light  green  solution  by  filtratron.  The  ether  was  distilled  under 
vacuum,  during  this  the  remaining  oil  again  separated  PbCi^  to  the  extent  of  1  g.  Vacuum  distillation  of  the 
residue  gave  5  g  of  a  heavy  colorless  liquid,  whose  properties  were  identical  with  tetraethyl  lead:  b.p.  74-75*  at 
4  mm;  1.5139;  d/j®  1.655. 

4.  Reaction  of  diazomethane  wltr'  lead  tetraacetate.  To  a  solution  of  5  g  dry  lead  tetraacetate  in  100  ml 
absolute  benzene  we  added  during  a  period  of  one  hour  at  2°  a  dry  solution  of  3.5  g  dlazomethane  in  150  ml  ben¬ 
zene  while  cooling  the  mixture  in  ice  waier.  The  mixture  was  allowed  to  stand  at  room  temperature  overnight. 

It  was  filtered  frwn  the  residue,  which  contained  lead  diacetafe,  and  the  benzene  distilled  off  with  a  dephlegmator; 
the  residue  was  vacuum  distilled  twice.  During  this  we  separated  methylene  diacetate  (2  g)  with  a  b.p.  of  61*  at 
3  mm  (b.p.  according  to  Butlerov  [4]  is  170°  at  760  mm). 

4.620  mg  substance:  1688  mg  COj;  2.803  mg  1^0.  5.200  mg  substance:  8.710  mg  COj*  2.975  mg  H^O. 
Found  C  45i38  C45. 68;  H  6.79,  6.40.  CsHgO^.  CalcaLated  C  45.45;  H  6.04. 

SU  MM  ARY 

The  reactions  of  diazomethane  with  ?jead  chloride,  with,  a  salt  of  chloroplumbic  acid,  with  lead  tetra¬ 
acetate,  with  diethyldichltxo  lead  and  with  triethylchloro  lead  were  studied. 

It  was  found  that  reaction  of  organo-lead  chlorides  with  diazomethane  takes  place  only  in  the  presence  of 
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copper  bronze  catalyst,  which  promotes  the  decomposition  of  the  aliphatic  diazo  compound  and  leads  to  formation 
of  the  corresponding  chloromediyl  lead  derivative. 

Diazoediane  reacts  with  triethylchloro  lead  in  the  presence  of  copper  bronze  to  form  unstable  triethyl- 
a  -chloroethyl  lead,  which  decomposes  into  tetraethyl  lead  and  lead  chloride. 

Lead  chloride  and  ammonium  chloroplumbate  do  not  form  otgano4ead  compounds  with  diazomediane 
under  these  conditions. 

Lead  tetraacetate  readily  reacts  with  diazomethane  to  form  methylene  diacetate  and  lead  diacetate. 
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PHOTOREACTIONS  OF  ORC  A  NOMETALLIC  COMPOUNDS  OF  MERCURY  IN  SOLUTION 
XI.  THE  REACTIONS  OF  6 -DINAPHTOYLMERCURY 

Yu.  A.  Oldekpp 

In  one  of  our  earlier  papers  [1]  we  studied  die  behavin  of  the  a-naphtyl-radical,  formed  by  photoceactions 
of  a -diiuphthylmercury  in  several  organic  media.  It  was  noted  that  the  anuphthyltadical,  formed  by  photolysis 
of  a-naphthylmercury  in  carbon  tetrachloride,  did  not  remove  chloride  firom  the  latter  to  fram  a -chloronaphtha- 
lene,  but  led  to  redistribution  of  hydrogen  among  the  naphthyl  radicals.  It  was  known  to  us  from  the  literature  [2] 
that  a  -  and  A -dinaphdioylpetoxides  fmm,  on  diernul  dissociation  in  a  carbon  tetrachltnide  medium,  die  coires- 
ponding  a~  and  0-chloronaphthalenes.  With  this  in  mind  it  appeared  of  interest  to  extend  our  studies  of  photo¬ 
reactions  to  B-dinaphthylmercury. 

We  found  that  photcneaction  of  B-dinaphthylmercury  in  carbon  tetrachloride  gave  nai^thaiene  and  a  small 
amount  of  uncrysullizable  tarry  material,  just  as  in  the  similar  reaction  of  a-dinaphdiylmercury.  Thus  the  photo- 
reaction  of  B -dinaidithylmercury  in  carbon  tetrachloride  differs  from  diermal  dissociation  of  B-dinaphthoylperox- 
ide  in  the  same  solvent  ^ 

Among  the  other  products  of  die  photoreaction  of  B -diiuphthylmercury  in  carbon  tetrachloride,  we  obtained 
calomel  in  a  quantiutive  yield  and  hexachloioethane.  By  exposure  of  B-dinaphthylmercury  in  chloroform  orl.2- 
dichloroethane  to  ultra-violet  ligjht.  a  quiuititative  yield  of  calomel  was  obtained.  The  naphthyl-radical  in  diis 
case  takes  hydrogen  from  the  solvent  and  forms  naphthalene.  In  the  experiments  with  chloroform,  in  addition, 
hexachloroe thane  u  found.  The  formation  of  calomel  in  chlorinated  organic  media  (xi  i^toreaction  of  B-di- 
naphthylmercury  in  them,  should  be  probably  attributed  to  the  subsequent  photodissociation  of  B -naphthylmercury 
chloride. 

From  organic  media  which  did  not  contain  halides  we  selected  ethyl  cellosolve:  the  photoreaction  ofB- 
dinaphthylmercury  took  place  very  slowly  in  it  with  the  formation  of  metallic  mercury  and  najdithalene. 

The  very  low  solubility  of  B-dinaphthylmercury  in  organic  compounds  iiurkedly  reduced  die  velocity  of 
its  photodissociation  in  comparison  widi  a -diiuphthylmercury.  No  difference  was  observed  in  the  behaviour  of 
the  B -naphthyl  radical  formed  in  comparison  with  a-naidithyl  radicals 

EXPERIMENTAL 

B -Dinaphthylmercury  in  carbon  tetrachloride.  0.5  g  B -diiuidithylmercury  in  20  ml  carbon  tetrachloride 
were  exposed  for  120  hrs.  At  the  end  of  the  exposure  the  precipitate  was  filtered  and  dried.  It  was  calomel 
(blackened  by  concentrated  ammonia):  it  weighed  exactly  0.25  g  (quantitative  yield).  The  filtrate  was  distilled 
on  a  water  bath.  The  residue  was  steam  distilled,  a  white  subsunce  with  the  odor  of  hexachloroethane  and  naph¬ 
thalene  solidified  in  die  condenser.  We  were  able,  by  partial  sublimation  of  this  material  over  concentrated  sul¬ 
furic  acid,  to  separate  pure  hexachloroethane  with  an  m.p.  of  185*  (in  a  sealed  capillary).  The  melting  point  of 
a  material  known  to  be  hexachloroethane  was  not  depressed  by  this  substance.  The  remaming  portion  of  the  sub¬ 
sunce  was  shown  to  be  naphthalene  by  the  melting  poirt  of  its  idcrate,  m.p.  149*  (according  to  the  literature  it 
should  be  150*).  The  residue  after  steam  distillation  conuined  a  small  amount  of  tany  products. 

B -Dinaphdiylmercury  in  chloroform.  0.5  g  B-dinaphthylmercury  was  exposed  in  12  ml  chloroform.  The 
exposure  lasted  for  180  hours.  The  reaction  nuss  gradually  turned  a  dark  brown  color.  At  the  end  of  the  expos¬ 
ure,  the  precipitate  was  filtered  (noticeable  traces  of  mercury  in  it)  and  dried.  It  was  shown  to  be  calomel 
(blackening  with  concentrated  ammonia),  its  weight  was  exactly  0.25  g  (quantiutive  yield).  Chloroform  was 
evaporated  from  the  filtrate  on  a  water  bath.  After  double  distillation,  we  were  able  to  extract  fiom  die  dis¬ 
tillate  some  hexachlmoethane,  m.p.  186*  (after  sublinution  above  concentrated  sulfuric  acid).  Hus  material 
did  not  depress  the  melting  point  of  a  known  pure  preparation  of  hexachloroethane.  The  residue  from  the  first 
distillation  was  steam  distilled.  A  sdiite  crystalline  subsunce  solidified  in  the  condenser:  this  was  shown  to 
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be  naphthalene,  its  weight  was  0.1  g.  The  nelting  point  of  this  material  was  80*  (from  alcohol).  The  material 
did  not  depress  the  melting  point  of  pureil^[iahatlene. 

6 -Dinaidithylmercury  and  1,2-dichlotoethane.  0.5  g  6 -dinaphthylmercury  in  10  ml  1,2-dichloroethane 
was  exposed  for  180  hours.  After  exposure  traces  of  mercury  were  noted.  The  precipitate  was  filtered,  it  weighed 
exactly  0.25  g.  tt  was  calomel  (blackening  with  concentrated  ammonia).  From  die  filtrate  before  steam  dis* 
tUlaOLon  we  extracted  0.1  g  naphthalene,  m.p.  79*.  Tliis  material  did  not  depress  the  meltii^  point  of  known 
naphthalene. 


B  -PinaphtfaylmMcury  and  ediylceUosolve.  0.5  g  B  -dinaidithylmercury  in  20  ml  ethylcellosolve  was  ex¬ 
posed  for  400  hours.  At  the  end  of  the  exposure  the  luecipitate  was  filtered.  0.18  g  metallic  mercury  was  found 
in  it  (82^  of  theoretical,  together  with  unreacted  B-dinaidithylmercury;  m.p.  237*  (from  dichloroethane),  weight 
0.08  g  (16^  of  initial).  The  filtrate  was  diluted  with  water,  a  white  floe  separated  which  was  filtered  and  recrys¬ 
tallized  from  alcohol;  iu  weight  was  0.15  g,  m.p.  80*.  This  material  did  not  depress  the  melting  point  of  a  pure 
sample  of  naphthalene. 

All  the  experiments  cm  exposure  to  ultra-violet  light  were  perfrxmed  in  sealed  long  nanow  quartz  tubes 
with  an  internal  diameter  of  8  mm.  A  PIK-2  lamp  was  used  as  the  li^t  source. 

SUMMARY 

1.  B  -Dinaphthylm^cury  reacts  with  carbon  tetrachloride  when  exposed  to  ultra-violet  light  with  forma¬ 
tion  of  cal<»nel,  naphthalene,  hexachloroethane,  and  tarry  materisls. 


2.  Photoreaction  of  B -dinaphthylmercury  in  chloroform  gives  calomel,  naphthalene,  and  hexachloro 
ethane.  In  the  analogous  reaction  of  B -dinaphthylmercury  in  1,2-dichloroethane,  calomel  and  naphdialene 
form. 

3.  In  photoreaction  of  B -dinai^thylmercury  in  ethylcellosolve,  metallic  mercury  and  nai^thalene 
were  formed. 
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REDUCTION  OF  PYRIDINE  AND  ITS  HOMOLOGS  ON  THE 
DROPPING  MERCURY  ELECTRODE 

A.  G.  Pozdeeva  and  E.  M.  Gepshtein 


We  selected,  as  subjects  for  study,  pyridine,  0-*  and  y-picolines.  and  2,6-lutidine.  References  exist  in  the 
literature  [1-3]  on  the  rddbction  of  pyridine  on  die  droppii^  mercury  electrode:  the  homologsof  pyridine  to  all 
am>earances  have  not  been  studied  by  anyone  up  to  the  present  time. 

Preparation  of  products  for  study.  Many  methods  are  given  in  the  literature,  in  the  form  of  patents  for 
the  most  part,  for  separation  of  the  mentioned  pyridine  homoiogs  from  their  corresponding  fractions.  However, 
it  is  difficult  in  practice  to  prepare  pure  0-  and  y  ^icollne  and  2,6-lutidine  from  their  fractions  be  cause  of  the 
lack  of  specific  procedures  and  methods  for  separation  of  these  products. 

In  the  present  research,  we  utilized  several  suggestions  for  their  preparation  from  the  literature  [4-7], 
but  we  defined  the  separate  steps  of  the  process  mote  accurately, 
and  recommend  die  scheme  given  here  for  separation  of  pyridine 
hcxnologs  from  the  0 -picoline  fraction. 

Preparation  of  2,6-Lutidine.  To  238  g  of  a  narrow  boiling 
0  -picoline  fractimi  heated  in  a  flask  with  a  reflux  condenser  on  a 
boiling  water  bath,  was  added  a  hot  saturated  solution  of  200  g  urea 
in  108  ml  water.  The  reaction  mixture  was  heated  fen;  a  period  of 
one  hour  on  a  boiling  water  badi  with  agitation.  The  solution  was 
then  slowly  cooled  over  a  6  hour  period.  The  crystals  of  2,6-Iuti- 
dfrie-urea  whidi  separated  were  suction  filtered  on  a  Buchner  funnel. 

The  filtrate  was  set  aside  for  preparation  of  0-  and  y-picolines. 

The  crystals  of  the  2,6-lutidine-urea  complex  were  airdried  for 
a  10-15  hour  period  and  then  decomposed  by  water  (we  used  1 
liter  of  water  for  200  g  of  the  complex).  2,6-Lutidine  was  in  the 
water  layer  after  decomposition  of  the  complex,  and  was  extracted  from  it  by  ether.  The  ether  was  then  vaporized 
on  the  water  bath,  and  the  residue  in  the  flask  was  raw  2,6-lutidine:  it  was  thoroughly  dried  wifri  anhydrous  caustic. 
After  two  precipitations  of  2,6-lutidine  by  urea,  as  described  above,  the  jxoduct  had  a  crystallization  temperature 
of  minus  23*.  The  2,6*lutidine  wassubsecpiently  fractionally  crystallized  7  times,  as  a  result  of  vdiich  we  were  able 
to  raise  the  crystallization  temperature  of  our  sample  of  2,6-lutidine  to  minus  8.4*.  This  product  was  thoroughly 
dried  over  caustic  and  distilled  from  a  flask  with  a  small  nozzle.  The  one-degree  fraction  which  was  separated 
solidified  at  minus  6.5*.  The  purity  of  the  prepared  product  was  determined  by  a  thermograidiic  method,  i.e.. 
by  the  curve  of  freezing  point  temperatures  versus  time  (Figure  1). 

Prepara tlMi  of  y -picoline.  The  fraction  which  was  freed  of  2,6-lutidine  was  treated  with  a  solution  of 
calcium  chloride.  To  356g  of  the  fraction,  heated  to  30-70*  on  a  water  bath,  we  added  in  small  portions  with 
stirring  a  hot  solution  of  570  g  crysuUine  calcium  chloride  dissolved  in  36  ml  water.  After  addition  of  the  en¬ 
tire  calcium  chloride  solution,  the  reaction  mixture  was  stirred  for  10  minutes  and  the  solution  then  slowly  cooled 
over  a  5-6  hour  period,  after  which  the  crystals  of  the  complex  compound  of  yipicoline  and  calcium  chloride 
which  were  obtained  were  filtered  by  suction  on  a  Buchner  funnel  and  dried  on  a  watch  glass  in  a  slightly  warm 
drying  oven.  Tl»  filtrate  was  reserved  for  preparation  of  0  picoline.  The  dry  crystals  of  the  ernnplex  were  de- 
ctnnposed  water  at  room  temperature,  and  the  base  extracted  from  the  water  solution  usii^  ether:  the  ether 
was  then  evaporated  on  a  water  batli  leaving  y  picoline  as  a  residue  in  the  flask  which  was  then  precipitated 
a  second  time  with  calciu  m  chloride. 

After  two  precipitations  of  y -picoline  using  a  solution  of  calcium  chloride,  we  obtained  87  g  raw  y -picoline. 


Figure  1.  Cooling  Curve  for  2,6- 
lutidine. 
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Figure  2.  Cooling  Curve  for  y-picoline 


This  product  was  distilled  from  a  flask  with  a  48-hook  dephlegmator . 

(effectively  1-2  theoretical  plates).  The  fraction  boiling  at  143.5* 

(50.5  g)  was  pure  y-picoline  and  solidified  at  2.6*  (Figure  2). 

Preparation  of  6-picoline.  The  fraction  which  had  been  f 
freed  from  2.6-lutidine  and  y-picoline  was  polymerized  using  ele¬ 
mental  sulfur.  To  108  g  of  the  fraction  which  contained  0 -pico- 
line  with  a  small  admixture  of  y-picoline,  was  added  33  g  sul¬ 
fur  and  1,1  g  zinc  chloride  The  reaction  mjjcture  was  heated  in 
a  flask  fitted  with  a  reflux  condenser  on  a  hot  plate  for  40  hours. 

An  additional  20  g  sulfur  and  1  g  zinc  chloride  were  added  to  the  cooled  reaction  mixture,  and  the  mixture  again 
heated  to  boiling  for  a  period  of  24  hours.  The  unreacted  0-picoline  was  then  removed  by  steam  distillation.  The 
distillate  was  salted  out  using  solid  caustic,  the  0-picoline  was  separated  from  the  aqueous  layer  and  thoroughly  dried 
with  anhydrous  caustic.  The  product  so  prepared  was  distilled  in  a  flask  fitted  with  a  48-hook  dei^legmatM.  The 

fraction  boiling  within  the  limits  142.4-142.6* 

(35  g)  was  6-picoline,  which  was  then  purified 
by  two  treatments  with  phthalic  anhydride.  Thus, 
to  26.5  g  6-picoline  we  added  6.7  g  acetic  an¬ 
hydride  and  6.7  g  phthalic  anhydride. 

The  mixture  was  heated  in  a  flask  with  a 
reflux  condenser  for  4  hours  on  a  water  bath.  The 
contents  of  the  flask  were  then  poured  into  100  ml 
water  and  the  solution  made  strongly  alkaline  to 
litmus  with  50<;b  NaOH  solution.  The  solution  was 
then  filtered,  and  a  rather  small  quantity  of  dark 
brown  colored  precipitate  was  found  on  the  filter— 
this  was  a  condensation  product  of  y-picoline  and 


Figure  3.  Cooling  curve  for  6-picoline 


2,6-lutidine  with  phthalic  anhydride  (pyrophthalones).  From  the  filtrate,  which  contained  a  solution  of  6-picoline, 
was  distilled  an  azeotropic  mixture  of6^icoline  and  water  at  97-98*.  After  the  distillate  was  treated  with  solid 
caustic,  the  upper  layer  —  6-picoline  -  was  separated  from  water  and  dried  with  anhydrous  caustic.  After  two  puri¬ 
fication  treatments  with  phthalic  anhydride,  we  obtained  6-picoline  which  solidified  at  minus  19.4*  (Figure  3). 

Preparation  of  pyridine.  Pyridine  was  obtained  from  the  pyridine  fraction  by  repeated  fractionation  in  a 
column.  The  characteristics  of  the  product  obtained  (as  compared  with  literature  data)  may  be  seen  in  the  table. 

As  may  be  seen  from  the  ubles  the  products  prepared  were  pure  pyridine,  2,6-lutidine.  6-  and  yipicoline. 
Slight  differences  in  the  freezing  points,  amounting  to  tenths  of  a  degree,  may  be  explained  by  the  difficulty  of 
determining  the  melting  points  of  these  products  because  they  are  all  strongly  hygroscopic  materials.  . 

EXPERIMENTAL 

In  o.<xler  to  prepare  the  polarograms,  we  used  a  visual  polarogra{rfi  manufactured  by  UFAN  in  1947  (Sverd¬ 
lovsk)  and  a  galvanometer  of  the  Lenmgrad  Institute  for  Construction  of  Physics  Equipment  with  a  current  sensi¬ 
tivity  of  2.77  X  10"  *  A  mm  /m.  All  measurements  were  made  at  a  temperature  of  25+0.1*.  A  saturated  calomel 
electrode  was  used  as  the  anode  and  its  potential  was  taken  as  zero.  We  used  in  this  work  a  capillary  with  a  dropping 
period  of  2.4  seconds.  Far  reduction  studies  on  the  pyridines,  we  took  them  as  solutions  in  50*15)  ethyl  alcohol.  An 
0.1  N  solution  of  LiCl  in  50‘)5)  alcohol  was  used  as  an  electrolyte.  In  order  to  remove  atmospheric  oxygen  from  the 
solution  under  test,  we  passed  hydrogen  through  the  solution  for  a  15-20  minute  period.  The  half  wave  potential  was 
determined  by  the  wave  equation  (:]^: 


_  .  _  0.0591 ,  1 

E  =  E,  / - log- 


(1) 


V»  n  ■  ° i-i 

where  ^is  the  cunent  strength  at  voltage  E,  and  J  is  the  diffusion  current. 

Graphically,  this  equation  gives  a  straight  line  with  slope  0.0591/n  when  log^s  plotted  as  afunctioi  of  E. 

The  point  on  the  straight  lin6  where  log-^ —  =  0,  Le.,  where =  1  and  i  =  "  L  conesponds  to  the  half  wave  po- 

l—  1  I~1  2 

tential  as  may  be  seen  from  the  wave  equation.  We  determined  the  value  of  the  half  wave  potential  in  this  manner. 


2122 


2.6>Lutidine-iu«a  complex 


-Raw*  2.6- 
lutidine 


1 


pecompositlon  of 
complex 


Eeven-fold  firac- 
Itional  crystalliza- 
tion 


2.6-Lutidiiie  con¬ 
centrate:  solidify¬ 
ing  temp.  -€.4* 


^6'Lutldine: 
solidifying  temp. 
-6.5* 


Double  treatment  with 
urea  and  with  phthalic 


_ _  1 

Fraction  containing  B- 
y^[)icoline 

Fractimi  containing 
B-picoli^ _ 


y-Wcoline- 
CaCl|  com- 


Double  Qeatment 
with  CaCl| 


Doubld  polymeriza-| 
tion  with  sulfur  for 
_ S4  bouts 


B-Picoline 


bistillation  o^  S.§* 
*|utidine  ooncen- 
lUlS _ 


p3issociation  of| 
complex 


0-Ficoline, 
solidil^ing 
temp. -19.4* 


Raw  y-pico- 
Une 


pistillation  of 
^-picoline 


■raw 


y-Picoline: 
solidifying 
temp.  2.60* 


ii^on  o{  tbe 


Distillat 
taw  B-picoline 


Double  purillcation 
by  treatment  with 
phthalic  anhydride 


1  Pyridine 

)  2,6-<Lutidine 

1  y-PicoUne 

1  ■  B-Picoline 

1  Liter  a- 

Constant 

Our 

Literature 

Our 

Literature 

Out 

Literature 

Our 

Literature 

.  ture 

dau 

values 

data 

values 

data 

values 

data 

values 

ref. 

Density 

0.9780 

(25*) 

0.978(25*) 

0.981 

0.9241 

(15*) 

0.915(16*) 

0.932(25^ 

0.9572 

(20*) 

0.957 

(20*) 

0.9510 

(20*) 

0. 952(20*)  1  [7-11] 

i 

116* 

142.8* 

143.1* 

144.0* 

142-143* 

Boiling  point 

118.3* 

115.2 

115.3 

144.4* 

1 

144.2 

144.4 

144.9* 

144.6 

143.8 

143.9 

115.4 

144.7 

144.0 

1.5040 

(20*) 

Index  of  RehracGion 

1.5010 

(20*) 

i 

1.5091 

1.5000 

(16*) 

1.4996 

(16*) 

1.5050 

(20*) 

1.5052 

(20*) 

0.5050 

(20*) 

1.5043 

(24*) 

-6* 

♦  3* 

-17.9* 

Melting  point 

-41* 

-42* 

-6.5* 

-6.3 

♦2.6* 

♦  3.5 

-19.4* 

-18.3 

-6.5 

♦  3.8 

-18.7 
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Reduction  of  pyiidine,  2, 6-lundine,  g  and  /  i  :c.  i*  '  !■►'>!  . 

ography  we  used  solutions  of  the  pyiidine  bases  m  bO^o  ethyl  ''<e. 

concentration  of  which  tanged  from  5  to  10  m. moles  pei  Ittei.  Ak ‘>1'-.;  j 
background  which  contained  0.1  N  lithium  cMoiide  in  5u'^eU'V‘ 
pyridine.  2,6-lutidine,  0-  and  y-picolme  were  reduced  on  the  dicupi'vg 
mercury  electiode  and  gave  satisfactory  expression  of  diffusion  ciieut. 

The  experimental  data  obtained  for  py.idine  and  iis  hon’ Jicus  b-.  e 


the  lelation  oflog -  with  E  as  well  as  the  half  w^ve  p'Cte 


As  may  be  seen  from  the  given  data,  pyridine,  2,6 
and  y-picohne  ate  polaiogtaphically  active  materials,  i,e_  they  are 
duced  by  a  dropping  mercury  electrode.  y-Picolioe  is  the  most  diffi 
cult  to  leduce  (E^y  =- 1  83V),  6-  picoHne  is  the  easiest  =  -  !  "^2 
2,6-lutidine  has  a  fialf  wave  potential  of  minus  1  78  V,  and 
one  of  minus  1  73  V  —all  relative  to  the  saturated  talomei  ?■! ..  ._x' 


1  A  study  has  been  made  of  hie  red  action  oi  pyrrd 
of  its  bomologs  by  the  dropping  mercury  eieclnide. 

2  The  hd If  wave  potentials  foi  pvTidine,  2,6*lut!dine.  S-  and  y -picoline  have  beer.  ■Mu.ro: 

3.  A  scheme  for  separation  of  2,6-luadine  and  3- and  y-picoline  from  an  industnjii  -  ru  •' 


IS  pioposed 
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ELECTROLYTIC  REDUCTION  OF  LEPIDINE 
II.  ELECTROLYTIC  REDUCTION  OF  LEPIDINE  IN  AN  ALKALINE  MEDIUM 

V.  V.  Levchenko  and  A.  A.  Zats 


By  chemical  reduction  of  lepidine  in  an  alkaline  medium,  Williams  [1]  obtained  a  yellowish  oil,  which  on 
boiling  widi  dilute  nitric  acid  gave  a  red  colored  crysulline  product.  Williams  regarded  this  product  as  the  nitrate 
of  lepidihe  CtoHuNj*  HNO|.  There  are  no  literature  references  on  the  electrolytic  reduction  of  lepidine  in  alkaline 
media. 

Our  studies  showed,  that  lepidine  on  electrolytic  reduction  in  alkaline  media  gives  the  dimer  of  dihydrolepi- 
dine,  which  was  jxepared  by  us  by  electrolytic  reduction  of  lepidine  in  acid  media  [2]:  in  addition  we  were  able  to 
establish  the  formation  of  dihydrolepidine  monomer,  which  was  stsble  for  a  long  time  in  a  mixture  of  lepidine  and 
tetrahydrolepidine.  Monomeric  dihydrolepidine  forms  during  further  treatment  of  the  electrolyte  two  additional 
oxidation  products. 

Electrolytic  reduction  of  lepidine  was  performed  in  an  alkaline  alcohol-water  solution  using  a  cellophane 
diaphragm.  We  used  a  mercury  cathode  and  a  platinum  anode.  In  a  large  number  of  experiments  we  investigated 
the  effect  of  many  factors  on  the  process  of  electrolytic  reduction  of  lepidine,  namely:  voltage,  current  density, 
temperature,  length  of  electrolysis,  and  alkali  concentration.  The  highest  yield  of  reduction  products  was  obtained 
on  a  renewed  mercury  cathode  using  a  current  density  of  26.6  amperes  per  square  decimeter,  electrolysis  for  45 
minutes,  temperature  16-19*,  as  was  observed  in  studies  by  Levchenko  [3,4]. 

By  electrolytic  reduction  of  lepidine  in  alkaline  media,  we  obtained  three  crystalline  pcoduco  having  m.p.'s 
of  279,  236,  and  203*,  and  also  liquid  tetrahydrolepidine. 

Properties  of  the  product  melting  at  279*.  According  to  its  properties,  the  given  product  was  proven  to  be 
completely  identical  to  the  dimer  of  dihydrolepidine,  prepared  by  us  by  electrolytic  reduction  of  lepidine  in  acid 
media.  This  was  confirmed  by  ultimate  analysis  of  the  product  and  of  its  plcrate,  by  determination  of  its  mole¬ 
cular  weight  (Rast  method),  and  also  by  determination  of  the  melting  point  of  samples  mixed  with  dihydrolepi¬ 
dine  dimer  (which  had  been  prepared  by  electrolytic  reduction  of  lepidine  in  acid  media)  which  was  not  depreued. 
Dihydrolepidine  dimer  was  not  formed  if  the  electrolysis  was  performed  at  high  temperatures. 

The  dimer  of  dihydrolepidine  was  converted  into  tetrahydrolepidine  by  chemical  reduction  by  boiling  for 
several  hours  in  concentrated  hydrochloric  acid  with  tin. 

Properties  of  the  product  melting  at  236*.  The  material  did  not  dissolve  in  alkali  and  was  readily  soluble 
in  acids  with  formation  of  salts.  Ether  and  llgroln  were  the  organic  solvents  in  which  it  was  not  soluble:  it  dis¬ 
solved  readily  in  chloroform  when  cold,  and  in  alcohol,  benzene,  toluene,  and  xylene  when  heated.  It  did  not 
give  a  color  with  a  solution  of  potauium  bichromate  in  sulfuric  acid.  It  was  not  affected  by  electrolytic  reduc¬ 
tion  in  acid  media:  chemical  reduction  by  boiling  for  5  hours  in  concentrated  hydrochloric  acid  and  tin  led  to 
tetrahydrolepidine.  Ultimate  analysis  and  determination  of  the  molecular  weight  gave  its  elemental  content 
which  corresponds  to  the  formula  (CioHioN)|0. 

This  ixoduct  formed  a  plcrate  melting  at  242*.  Ultimate  analysis  of  the  plcrate  confirmed  the  formula 
given  above  for  dihydrolepidine  oxide,  prepared  according  to  the  equation: 

2Ci0HjjON“‘H|O™^CjqHjqN)|O. 

Properties  of  the  product  melting  at  203*.  The  crystalline  product  with  an  m.p.  of  203*  which  was  ob¬ 
tained  from  the  distillation  flask  after  steam  distillation  of  lepidine  and  tetrahydrolepidine  sharply  differed 
from  the  product  with  an  m.p.  of  236*:  it  was  appreciably  soluble  in  water,  and  was  soluble  not  only  in  acids 
but  also  in  alkalies.  The  aqueous  solution  was  slightly  fluorescent.  It  gave  with  potassium  hydroxide  a  potas¬ 
sium  salt  which  was  readily  hydrolyzed.  The  potassium  salt  was  readily  decomposed  by  carbonic  acid.  With 
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hydrochloric  acid  the  product  formed  a  h''drochloride.  '^r  rea-t  t”'  rhio>  {  .  ?  double 

platinate  having  the  composition  of  [CijIIj|ON  •  HCl]j  •  whii-h  was  vi Mi.  y  determii.a  ion  ol  ilie  plati¬ 

num  content  of  dtis  salt.  It  formed  a  derivative  with  h  i’'.'  >1  i  iiionJe  whr  h  i  ited  at  233*;  its  nitrosoamine  had 
an  m  p.  of  235*,  and  it  formed  a  methyl  derivative  (m  i  It  did  not  give  a  color  with  a  solution  of  potas¬ 
sium  bichromate  in  sulfuric  acid.  We  did  not  electrolyiica)'  reduce  this  pioJuci  further  in  alkaline  medium':  in 
acid  medium  it  wasreduced  to  tetrahydrolepidi  ne  witli  vicivlj  l  angins  fro’^r  ‘lb  to  33%  depending  on  length  of 
electrolysis.  Ultimate  analysis  and  determination  of  its  uoleeular  weight  gave  its  elemental  content,  which  cor¬ 
responded  to  the  formula  of  hydtoxydihydrolepidine:  CioHijON. 

Hydroxydihydrolepidine  formed  a  picrate,  m.p  223-224*,  the  elemental  analysis  of  which  confirmed  the 
fwmula  given  above  for  hydroxydihydrolepidine. 

Hydroxydihydrolepidine  CjoHuON  displays  both  basic  and  acid  properties,  and  the  structural  formula  of 
y -hydroxydihydrolepidine  may  be  tentatively  ascribed  to  it,  because  a -hydroxydihydrolepidine  which  was  pre¬ 
pared  by  Knon  and  Klot^i  [5]  by  chemical  reduction  of  a -hydroxy lepidine  has  i»operties  which  differ  from  the 
product  prepared  by  us. 

Consequently,  when  the  ether  extract  of  the  products  from  electrolytic  reduction  of  lepidine  in  alkaline 
medium  was  stored  in  an  open  vessel  in  the  air,  polymerization  of  dihydrolepidine  into  the  dimer  occurred  as  well 
as  formation  of  two  more  dihydrolepidine  oxidation  products.  This  indicates  the  ivesence,  in  the  ethereal  extract, 
of  dihydrolepidine  monomer,  which  is  readily  oxidized  by  atmospheric  oxygen.  This  material  is  stable  with  time 
only  in  alkaline  media;  this  is  apparent  because  we  were  not  able  tc  obtain  its  oxidation  products  from  the  pro¬ 
ducts  of  reduction  of  lepidine  in  acid  media,  despite  out  many  arierrjpts. 


By  action  of  more  severe  oxidizing  agents  (sue.  ’  ’  -jei  neroxiJe)  on  the  ether  exuact  from  alkaline 

electrolysis,  it  was  not  possible  to  obtain  hydroxydihyd-  ^uline  f;  ...  Ici  Ujcsc  conditions  oxidation  goes 

fardier  and  leads  to  formation  of  tarry  materials  It  w;  alsc  lu  i  pos'inw  t.  sennra'  ’  ;'rr  eric  dihydro¬ 

lepidine  from  the  tetrahydrolepidine  and  residual  unreacu  i'h'  .viu.  ecco.-  sn  .d  .  dt.spae  .nany  at¬ 
tempts  to  achieve  this  by  distillation  of  the  mixture  und  v  ■  :  um  h-’otional  •-r'."  taiL.vauon  of  'heir  hydro¬ 
chlorides  prepared  by  treatment  with  hydrogen  chloride,  and  oLliei-'  The  diioctioi,  of  the  processes,  as  established 
by  us,  which  take  place  during  reduction  of  lepidine,  rray  be  presented  in  the  form  of  the  following  scheme: 


hydroxydihydrolepidine  m.p.  203* 


dihydrolepidine  oxide  m.p.  236* 


EXPERIMENTAL 

Performance  of  the  electrolytic  reduction  of  lepidine  in  an  alkaline  medium  We  used  1  ml  lepidine 
(1.08  g)  per  stage  of  electrolytic  reduction.  This  quantity  of  lepidine  was  dissolved  in  an  electroyte  prepared 
from  25  ml  18%  potassium  hydroxide  solution  and  25  ml  96*  ethyl  alcohol.  The  prepared  transparent  solution  ■ 
was  used  as  a  cathode  liquid,  mercury  was  the  cathode.  As  an  anode  region  we  used  a  cylindrical  glass  vessel 
separated  from  the  cathode  region  by  two  layers  of  cellophane.  An  18%  solution  of  potassium  hydroxide  (20  ml) 
was  poured  into  the  inside  of  the  vessel  A  platinum  anou'.  was  used  Electrolysis  was  utinued  for  45  mintues. 
The  current  density  was  26.6  A/dm*  at  a  voltage  of  9-11  V.  The  temperature  during  electrolysis  was  held  at 
level  not  higher  than  19*  by  cooling. 

Separation  of  reaction  products.  10.8  g  lepidine  was  reduced  under  the  given  conditions  in  ten  portions. 
At  the  end  of  the  electrolysis,  the  cathode  liquid  (which  was  very  turbid  witli  drops  of  yellow  oily  product)  was 
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placed  in  a  separatory  funnel  and  diluted  to  100  ml  witii  water  used  for  washing  tlie  electrolyzer.  An  ether  extract, 
which  gradually  changed  color  in  air  from  light  yellow  >  .)  dark  red,  was  made  of  the  cathode  liquid.  All  the  ether 
extracts  were  combined  together  and  were  permitted  to  stand  in  an  open  vessel  in  the  air  for  a  48  hour  period.  Dur* 
ing  evaporation  of  ether  from  the  extract,  the  formation  of  a  crystalline  product  was  observed.  When  all  of  the 
ether  had  evaporated,  the  crystalline  product  was  filtered;  the  yield  of  this  was  1.8  g  (16. 4<^),  it  was  recyystallized 
several  times  from  boiling  toluene:  m.p.  279*.  Careful  study  of  the  properties  of  this  material,  together  with  the 
data  of  its  ultimate  analysis,  showed  that  it  was  the  dimer  of  dihydrolepidine. 


The  filtrate,  after  separation  of  the  dimer  of  dihydrolepidine,  was  steam  distilled  for  separation  of  unre- 
acted  lepidine  and  tetrahydrolepidine.  Distillation  was  continued  until  the  distillate  no  longer  developed  a  red 
color  with  a  sulfuric  acid  solution  of  poussium  dichromate  (test  for  tetrahydrolepidine).  The  distillate  contained 
an  oily  product,  which  was  extracted  by  ether.  The  ether  extract  was  dried  over  anhydrous  sodium  sulfate,  and 
after  evaporation  of  the  ether  we  obtained  a  yellow  oil  which  was  a  mixture  of  unreacted  lepidine  and  tetrahydro* 
lepidine.  4.6  g  of  this  mixture  was  obtained  (42.6^). 

After  lepidine  and  tetrahydrolepidine  were  distilled  with  steam,  a  tarry  dark  brown  material  was  left  in  the 
distillation  Qask:  it  was  filtered  from  the  liquid  and  on  cooling  solidified  as  a  solid  brittle  mass,  weight  3.9  g  (37%) 
The  filtrate  was  a  light  yellow  liquid.  The  tarry  product  was  crushed  and  worked  up  in  ether.  The  ether  dissolved 
the  tarry  material:  the  undissolved  crystalline  residue  was  filtered  and  dried;  dark  grey  color,  weight  0.6  g  (5.2%). 
After  repeated  recrystallization  horn  toluene  we  obtained  a  crystalline  product  with  m.p.  236*. 


13.680  mg  substance:  39.490  mg  CO|:  8.215  mg  H|0.  11.970  mg  substance:  34.512  mg  CO|:  7.273 
mg  HgO.  15  540  mg  substance:  1.273  ml  N|  (26*.  743  mm).  13.700  mg  substance:  1.145  ml  N|, 

(26.5*,  744  mm).  0.0073  g  subsunce;  0.0854  g  camphor: .4t  11.6*.  0.0049  g  substance:  0.0678  g  camphor: 

At  9.7*.  Found  %:  C  78.79,  78.70;  H6.72,  6.80;  N  9.18,  9.32:  M  294.7,  298.0  (CioHioN)|0.  Calculated 
%:  C  78.91;  H  6.61;  N  9.20;  M  304.4. 

Analysis  of  the  picrate.  3.446  mg  substance:  0.400  ml  N,  (19*,  742.4  mm).  4.299  mg  substance:  0.500 
ml  N,  (21*,  742.6  mm).  Found  %:  N  13.25,  13.19.  (Ci,Hi,N)jO.- C,H,(OH)(NO,),.  Calculated  %:  N  13.12. 

It  follows  from  the  above  that  the  material  obtained  was  dihydrolepidine  oxide. 


From  the  filtrate  obtained  after  separating  die  tany  product  from  the  distillation  flask,  we  separated  by 
cooling  a  yellow  colored  crystalline  substance  which  weighed  0.62  g  (5%)  after  drying.  After  repeated  recrystal¬ 
lization  from  boiling  toluene  a  crystalline  product  with  m.p.  203* 
was  obtained. 


TABLE  1 


Quantity  of 
starting  mat¬ 
erial  per  50 
ml  electro¬ 
lyte  (grams) 

Tem¬ 

pera¬ 

ture 

Current 

density 

(Amp¬ 

eres/ 

Sq.  dm.) 

Dihydrolepi¬ 
dine  yield, 
based  on  mat- 
ial  (%  of  the¬ 
oretical) 

3.24 

19* 

8.8 

5.58 

3.24 

19 

17.7 

6.16 

3.24 

19 

26.6 

6.34 

3.24 

19 

35.4 

11.71 

3.24 

19 

42.5 

7.54 

3.559  mg  substance:  9.735  mg  CO^;  2.241  mg  H|0. 
3.982  mg  substance:  10.900  mg  CP|:  2.530  mg  H|0. 
17.020  mg  substance:  1.340  ml  (28.5*,  739  mm). 
15.800  mg  substance:  1.230  ml  N|  (22*,  741  mm). 
0.0063  g  substance:  0.0692  g  camphor:  At  22.8*. 

0.0036  g  substance:  0.0720  g  camphor:  At  12.9*. 

Found  %:  C  74.66,  74.72;  H  7.04,  7.11;  N  8.66,  8.84; 

M  159.7,  155.4.  CjoHuON.  Calculated  %;  C  74.51; 

H  6.88,  N  8.69;  M  161.2. 

It  follows  from  the  above  that  the  laroduct  obtained  was 
hydroxydihydrolepidine.  This  is  also  indicated  by  analysis  of  the 
picrate. 


a 

4.614  mg  substance:  0.593  ml  N|  (25*,  735  mm).  4.350  mg  substance:  0.555  ml  N|  (26*,  734  mm). 
Found  %:  N  14.22,  14.44.  CnH^ON  *  C,H,(OH)(NO,),.  Calculated  %:  N  14.35. 


In  the  tables  below  are  given  the  yields  of  jx-oducts  of  reduction  of  lepidine  (dihydrolepidine  dimer,  dihydro¬ 
lepidine  oxide,  and  hydroxydihydrolepidine),  recalculated  to  dihydrolepidine,  in  relation  to  the  different  conditions 
o‘f  electrolysis.  In  each  case  the  average  of  3*5  experiments  is  given. 


Effect  of  cunent  density  on  yield  of  dihydrolepidine.  (length  of  electrolysis  23  minutes,  quiescent  mercury). 
The  test  results  are  given  in  Table  1. 


It  follows  from  the  results  obtained  that  the  yield  of  dihydrolepidine  increases  with  increase  in  current 
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density  to  an  optimum  value  at  35.4  A/dm*:  with  furtricr  increase  in  current  density  the  yield  of  dihydrolepidine 
falls  and  that  of  tetrahydrolepidine  increases. 


Effect  of  temperature  on  yield  of  dihydrolepidine.  (length  of  electrolysis  45  minutes,  3.24  g  lepidine  in 
50  ml  electrolyte,  current  density  35.4  A/dm*). 


The  test  results  are  given  in  Table  2. 

Increase  in  tempera ture  significantly  decreases  the  yield 
of  dihydrolepidine:  at  higher  temperatures  the  reduction  of  lepi¬ 
dine  leads  to  tetrahydrolepidine. 

Effect  of  length  of  electrolysis  on  dihydrolepidine  yield. 
(3.24  g  lepidine  in  50  ml  electrolyte,  cunent  density  35.4  A/ dm*, 
temperature  19*).  Test  results  are  given  in  Table  3. 


TABLE 

3 

TABLE  4 

Length 

Dihydrolepidine  yield 

Quantity  of 

Dihydro- 

of  el- 

Based  on  mat- 

Based 

lepidine  (g 

lepidine 

ectroly- 

erial  of 

on  cut- 

per  50  ml 

yield,  based 

sis  (min.) 

theoretical) 

rent.  (Oft) 

electrolyte) 

on  currentC^fc) 

10 

6.42 

11.8 

0.54 

3.51 

23 

11.71 

8.72 

1.08 

3.84 

45 

12.01 

4.87 

1.52 

5.33 

90 

13.44 

1.49 

3.24 

6.39 

180 

17.60 

1.79 

6.48 

6.76 

TABLE 

5 

Dihydrolepidine  yield,  based  on  mat- 


erial  1 

of  theoretical) 

Length  of 

Length  of  electrolysis  45 

electroly- 

minutes,  current  density 

sis,  45 

26.6  A /dm*. 

temp.  18* 

Cathode 

minutes. 

1.08  g  lepi- 

1.08  g  lepi- 

current 

dine  taken 

dine  taken 

density 

pet  50  ml 

pet  100  ml 

35.4  A /dm* 
temp.  16* 

electrolyte 

1. 

electrolyte 

Unrenewed  mercury  cathode 

7.21 

12.69 

24.01 

Renewed  mercury  cathode 

11.57 

26.56 

24.14 

Undulating  mercury  cathode 

14.75 

0 

25.93 

TABLE 

2 

Tempera¬ 

ture 

Dihydrolepidine  yield, 
based  on  material  ( ^ 
of  theoretical) 

19* 

12.01 

35 

6.18 

62 

3.86 

With  increase  in  the  length  of  el¬ 
ectrolysis  the  dihydrolepidine  yield,  based 
on  material,  increases. 

Effect  of  concentration  of  starting 
materials  on  dihydrolepidine  yield.  (Length 
of  electrolysis  23  minutes,  current  density 
26.6  A/dm*,  temperature  19*).  Hie  test 
results  are  given  in  Table  4. 

With  increasing  lepidine  concentra¬ 
tion  in  the  electrolyte,  the  yield  of  dihydro¬ 
lepidine  based  on  current  increases. 

Effect  of  manner  (velocity)  of  mer¬ 
cury  renewal  on  dihydiolepxdlne  yield.  The 
test  results  are  given  in  Table  5. 

Change  in  manner  (velocity)  of  mer¬ 
cury  renewal  significantly  increases  dihy¬ 
drolepidine  yield 

SUMMARY 

1.  It  has  been  shown  by  our  studies 
that  electrolytic  reduction  of  lepidine  in 
alkaline  medium  leads  to  formation  of  di- 
hydrolepidlne  in  the  form  of  its  monomer 
CxqHuN  which  is  retained  in  solution,  and 
that  on  steam  distillation  It  may  be  obtained 
in  a  mixture  with  tetrahydrolepidine  C|of4sN 
together  with  unreduced  lepidine  CJ0H9N. 


2.  Dihydrolepidine  monomer,  which  exists  in  the  cathode  liquid  mixed  with  tetrahydrolepidine  and  lepi¬ 
dine,  gave  at  low  temperature  the  dimer  of  dihydolepidine,  and  under  action  of  atmospheric  oxygen  was  oxidized 
to  form  two  crystalline  products:  dihydrolepidine  oxide  (C|oHio^)|0  and  hydra^ydibydrofepidine  CioHi^ON,  to 
which  we  ascribe  the  framula  of  y-hydroxydlhydrolepldine. 
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CHEMICAL  REDUCTION  OF  LEPIDINE 


A.  A.  Zats  and  V.  V.  Levchenko 


Methods  for  chemical  reduction  of  quinoline  and  ethylpyrldlne  by  boiling  with  tin  and  hydrochloric  acid 
and  also  by  treatment  with  sodium  in  alcoholic  media,  were  first  developed  by  Vyshnegradsky  [1,2].  These  meth-- 
ods  have  not  lust  their  value  to  the  present  time  and  find  wide  application  for  reduction  of  these  and  other  m  ater- 
ials.  Knorr  and  Klotz  [3],  who  performed  the  chemical  reduction  of  lepldine  in  acid  medium  by  boiling  with  tin 
in  hydrochloric  acid,  obtained  tetrahydrolepidine. Metallic  sodium  in  an  alcohol  solution,  according  to  the  findings 
of  Mikhailov  [4],  readily  reduced  lepldine  to  tetrahydrolepidine.  Williams  [6],  by  action  on  lepldine  of  sodium 
amalgam  containing  10<^  sodium,  obtained  a  yellow  oil  which  when  boiled  with  nitric  acid  was  converted  into  a 
crysulllne  product  with  a  red  color  whose  composition  was  C|oHuN|  ■  HNO|i  Williams  called  this  material  lepldine 
nitrate. 


The  purpose  of  the  present  investigation  was  the  determination  of  similarities  or  differences  between  chemi¬ 
cal  reduction  of  lepldine  and  its  electrolytic  reduction,  as  a  result  of  which  we  [6,7]  had  obtained  products  not  pre¬ 
viously  described  in  the  literature;  dihydroleoldlne  dimer,  dihydrolepidlne  oxide,  and  y-hydroxydlhydrolepidlne. 

By  chemical  reduction  of  lepldine  by  me  method  of  Vyshnegradsky  using  sodium  in  alcoholic  medium,  we 
obtained  tetrahydrolepidine.  By  chemical  reduction  of  lepldine  using  sodium  or  potassium  amalgam  we  separated 
exactly  the  same  products  as  in  electrolytic  reduction  of  lepidine  in  alkaline  medium.  By  performing  the  chemical 
reduction  of  lepidine  by  boiling  it  with  tin  in  hydrochloric  acid,  we  were  able  to  prepare,  in  addition  to  tetrahydro- 
lepidine,  a  crystalline  product  which  appeared  to  be  another  isomer  of  dihydrolepidlne,  other  than  the  one  obtained 
by  us  on  electrolytic  reduction  of  lepidine  in  acid  or  alkaline  medium.  The  yield  of  raw  product  was  about  1  °lo. 
After  recrystallization  from  ligroin  we  obtained  a  crystalline  white  material:  small  rods,  m.p.  187*. 

Properties  of  the  product  obtained  having  an  m.p.  of  187*.  The  material  was  insoluble  in  alkali,  readily 
soluble  in  hydrochloric  acid;  on  neutralization  with  alkali  it  separated  unchanged.  It  was  readily  soluble  in  tol¬ 
uene  and  chloroform  when  cold;  in  ligroin  and  alcohol  it  was  slightly  soluble  cold  and  readily  soluble  on  heating. 

It  could  be  easily  purified  by  recrystallization  from  the  two  latter  solvents.  Like  tetrahydrolepidine,  it  gave  an 
intense  color  with  a  solution  of  potassium  dichromate  in  sulfuric  acid.  Ultimate  analysis  gave  its  elemental 
composition,  which  conesponds  to  the  formula  CjoHuN;  determination  of  its  molecular  weight  (by  Rast,  and  by 
cryoscopic  method)  showed  it  to  be  a  dimer  of  dihydrolepidlne  (CjoHuN)*.  This  dimer  differs  sharply  from  the 
dimer  of  dihydrolepidine  obtained  by  us  on  electrolytic  reduction  of  lepidine  in  acid  medium.  A  mixture  test 
of  both  dimers  gave  significant  depression  in  determination  of  the  melting  point. 

EXPERIMENTAL 

a)  Reduction  of  lepidine  by  metallic  sodium  in  an  alcohol  solution.  1  ml  (1.08  g)  lepidine  was  dissolved 
in  10  ml  ethyl  alcohol,  and  the  solution  brought  to  a  boil  on  a  water  bath.  Metallic  sodium,  in  small  pieces, 
was  added  to  the  boiling  solution  until  reaction  with  alcohol  ceased.  The  solution  thickened  considerably-,  on 
dilution  with  water  no  change  took  place;  the  solution  had  a  strong  alkaline  reaction;  tests  for  presence  of  tetra¬ 
hydrolepidine  with  a  solution  of  potassium  dichromate  in  sulfuric  acid  gave  an  intense  coloration.  The  solution 
was  extracted  with  ether,  and  the  extract  allowed  to  stand  for  evaporation  of  the  ether.  The  ether  extract  was 
barely  yellowish  in  color;  the  dlymaterial  remaining  after  the  ether  was  evaporated  was  steam  distilled.  The 
presence  of  tetrahydrolepidine  was  demonstrated  in  the  products  of  distillation:  the  distillate  was  extracted  with 
ether,  and  the  extract  dried  over  anhydrous  sodium  sulfate.  After  evaporation  of  the  ether  on  a  water  bath  we 
obtained  0.85  g  tetrahydrolepidine,  which  was  identified  by  its  benzoyl  derivative.  A^small  amount  of  yellow 
colored  tarry  material  formed  in  the  distillation  flask.  The  dry  weight  of  this  tar  was  0.13  g.  The  tarry  product 
was  readily  soluble  in  ether  and  alcohol,  attempts  to  separate  some  crystalline  material  from  the  tat  gave  nega¬ 
tive  results.  We  were  also  unable  to  obtain  any  product  from  the  liquid  which  remained  in  the  distillation  flask. 
Thus,  reduction  of  lepidine  by  the  Vyshnegradsky  procedure  gave  tetrahydrolepidine. 
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b)  Reduction  of  lepidine  by  potassium  and  sodi'-im  amalgams.  For  t'le  chemical  reduction,  we  took  3  ml 
(3.24  g)  lepidine  and  dissolved  it  in  50  ml  of  a  mixture  of  25  ml  alcohol  and  25  ml  18*70  potassium  hydroxide  solu¬ 
tion.  The  prepared  solution  was  poured  onto  a  1.5*7)  potassium  amalgam,  50  ml  volume;  reduction  continued  for 
45  minutes  with  energetic  stirring.  The  temperature  was  held  at  a  level  below  18*  by  cooling.  After  a  lapse  of 
45  minutes  the  mercury  was  separated  from  the  liquid,  which  contained  droplets  of  a  yellow  oily  fsoduct,  using  a 
separatory  funnel.  The  solution  was  extracted  by  ether  and  the  extract  worked  up  in  the  same  manner  as  had  been 
used  in  the  electrolytic  reduction  of  lepidine  in  alkaline  medium  [7].  As  a  result  we  obtained  the  following  quan¬ 
tities  of  products;  dihydrolepldine  dimer  0.22  g  (6.7*7)).  dihydrolepidine  oxide  0.41  g  (11.8*7)),  hydroxydihydro- 
lepidine  0,14  g  (4.2*7)),  product  from  the  distillation  flask  1.39  g  (43<7>).  and  a  mixture  of  lepidine  and  tetra- 
hydrolepidLne  1.1  g  (33.9*7)).  The  total  yield  of  the  first  three  products,  recalculated  to  dihydrolepidine,  amounted 
to  22.4*7)  by  weigh:  of  the  theoretical.  Increase  in  length  of  reduction  to  3.5  hours  increased  the  yield  of  products, 
recalculated  to  dihydrolepialne,  to  32.7^.  Reduction  of  lepidine  by  sodium  amalgam  took  place  in  a  similar  man¬ 
ner.  Performing  these  experiments  on  chemical  reduction  of  lepidine  by  potassium  and  sodium  amalgam,  show  that 
there  was  no  difference  between  chemical  reduction  and  electrolytic  reduction  of  lepidine  in  alkaline  medium  using 
a  quiescent  mercury  cathode. 

c)  Chemical  reduction  of  lepidine  in  acid  medium.  3  ml  (3.24  g)  lepidine  wai  dluolved  in  60  ml  concen¬ 
trated  hydrochloric  acid:  15  g  granular  tin  was  added  to  the  prepared  solution,  and  the  entire  mixtue  boiled  on  a 
sand  ha±  for  8  hours  in  a  round-bottom  flask  fitted  with  a  reflux  condenser.  At  the  end  of  the  stated  time,  the 

hot  solution  was  decanted  from  the  very  small  quantity  of  unreacted  tin  which  remained.  On  cooling  the  solution, 
white  and  yellow  colored  c.rystals  separated,  which  were  evidently  a  mixture  of  double  tin  salts  of  Irpid  ine  hydro¬ 
chloride  and  the  products  of  Its  reduction.  The  crystals  which  separated  were  suction  filtered  and  wasned  with 
weakly  acidified  ire  water.  The  double  Mlts  were  ueated  with  a  concentrated  solution  of  potassium  hydroxide: 
the  dark  brown  colored  solution  thus  obtained  was  steam  distilled.  The  first  portions  of  the  distillate  gave  an  in¬ 
tense  color  wi±  a  solution  of  pousslum  dichromaie  in  sulfuric  acid  (test  for  letrahydrolepidine):  steam  distillation 
was  continued  until  reaction  with  poussium  dichromate  ceased.  The  distillate  was  extracted  by  ether.  The  ether 
extract  was  dried  over  arhydrous  sodium  sulfate.  The  ether  was  distilled  on  a  water  bath,  and  as  a  residue  we  ob¬ 
tained  an  oily  product  which  was  a  mixture  of  unreacted  lepidine  and  tetxahydrolepidine.  2.25  g  (69.4*^)  of  this 
mixture  was  jbuined.  The  liquid  which  remained  in  the  distillation  flask  was  filtered.  A  dirty  brown  colored  resi¬ 
due  containing  admixed  tar  was  collected  on  the  filter.  This  residue  was  dried  and  worked  up  in  ether  -  which  did 
not  completely  dissolve  the  residue.  The  undissolved  portion  was  removed  by  filtration  -It  appeared  to  be  an  in¬ 
organic  residue.  The  ether  solution  after  evaporation  of  the  ether  yielded  a  yellow  resinous  subsunce  (total  weight 
0.48  g),  in  which  a  small  amount  of  crysulline  material  was  found.  The  resinous  material  was  dissolved  in  a 
small  quantity  of  alcohol  with  warming;  the  solution  obtained  had  a  yellow  color,  A  white  crystalline  material 
separated  from  the  alcohol  solution  on  cooling  and  scratching  with  a  glass  rod:  the  dried  product  weighed  0.  04  g 
(1*79).  Recry suUtzation  from  alcohol  or  llgroln  gave  a  crystalline  product  with  an  m.p.  of  187*. 

2.821  mg  substance:  8.542  mg  CO^:  1.950  mg  H|0.  2.806  mg  subsunce:  8.491  mg  CO|i  1.923  mg 

H, 0.  3.147  mg  substance:  0.265  ml  N|  (18.6*,  745  mm).  3.198  mg  subsunce:  0.271  ml  N|  (18.5* 

748  mm).  0  0052  g  substance:  0.0696  g  camphor:  At  10.5*.  0,0047  g  substance:  0.0819  g  camphor: 

At  R.25*.  0.0414  g  subsunce:  4.08  g  benzene:  At  0.17*.  0.0704  g  substance:  4.08  g  benzene:  At 

0.29*.  Found  %  C  82.65,  82.60:  H  7.67,  7.73;  N  9.66.  9.77:  M  284.6,  278.3,  304.4,  303.5.  (Ci|HuN),. 

Calculated  %  C  82.71;  H  7.64:  N  9.65;  M  290.4. 

From  the  above  given  data  It  follows  that  the  product  prepared  was  a  dimer  of  dihydrolepidine  (C|oHxiN)|. 

SUMMARY 

I.  Perfomiar;ce  of  the  study  showed  that  lepidine,  on  chemical  reduction  in  acid  medium,  yields  in  addi¬ 
tion  to  tctrahydrolepidlne  a  new  crysulline  product  which  is  not  obtained  by  reduction  of  lepidine  via  other  methods. 

2.  It  was  shown  that  this  product  was  a  heretofore  unprepared  isomer  of  dihydrolepidine  dimer,  which  dif¬ 
fered  from  the  dimer  of  dihydrolepidine  obuined  on  electrolytic  reduction  of  lepidine  in  acid  and  alkaline  media. 

3.  It  has  been  shown  that  there  is  no  difference  in  principle  between  chemical  reduction  of  lepidine  using 
pouuiam  or  sodium  amalgam  and  the  electrolytic  reduction  of  lepidine  in  alkaline  medium  on  a  mercury  cathode. 
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